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ABSTRACT 
THE URBAN SNOW HAZARD : ECONOPlIC AND SOCIAL IPIPLICATIONS 
The snowhazard i s  ugbanized North America i s  s m a l l  because  
s n o w f a l l s  a r e  f r e q u e n t ,  r e c u r r i n g ,  and expected.  The c o s t s  of 
ad jus tment  a r e  h i g h ,  r e l a t i v e  t o  o t h e r  n a t u r a l  h a z a r d s ,  'and t h e  
p a t t e r n  of a d j u s t m e n t s ,  p u b l i c ,  a r e  reasonab ly  w e l l  o rgan ized .  The 
damage p a t t e r n  i s  one ~ f  a c t i v e  d i s r u p t i o n  r a t h e r  t h a n  one of 
d e a t h  and d e s t r u c t i o n .  A method was developed f o r  u s e  i n  informing 
munic ipa l  d e c i s i o n s  concerning what i s ,  i n  t h e  n o r t h e r n  t i e r  of 
s t a t e s ,  a n  expensive  p u b l i c  s e r v i c e .  
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Duane D. Baumann and Mark B l a c k s e l l  
Spow and i c e  a r e  r e spons ib l e  f o r  cons ide r ab l e  damage and l o s s  of l i f e  
each year  i n  t h e  United S t a t e s  and Canada.l /  The snowstorm which paralyzed 
Chicago i n  1967 i s  tes t imony t o  t h e  f a c t  t h a t  our c i t i e s  a r e  extremely sus -  
c e p t i b l e  t o  t h e  snow hazard.  
Attempts a c  measuring t h e  c o s t s  of t h e  urban snow hazard a r e  l i m i t e d . 2 1  
There has a l s o  been a pavc i ty  of meaningful r e s ea r ch  concerning t h e  planning 
process  of snow removal programs. What accounts  f o r  t h e  v a r i a t i o n  i n  t h e  
kind and ex t en r  of snow programs among communities w i t h i n  somewhat d i f f e r e n t  
snow environments a s  we l l  a s  s i m i l a r  snow env i ronmen~s?  Who makes t h e  d e c i -  
s i o n s ,  what a k t e r n a t i v e s  a r e  cons idered ,  what s i z e  of s torm i s  planned f o r ,  
and how do pub l i c  a t t i t u d e q  a f f q c t  such d e c i s i ~ n g  a r e  some of t h e  many 
, ques t i ons  which remain unanswered. 
As w i th  ~ h e  hazards  of drought  and f l s o d ,  t h e  range of cho ice  open t o  
any comnunity faced wi th  t h e  snow hazard can be c l a s s i f i e d  accord ing ly :  
(1 )  Adjustments t h a t  modify t h e  cause ;  (2)  Adjustments t h a t  modify t h e  
hazard;  (3)  Adjustments t h a t  modify t h e  damage-potent ia l ;  and, (4 )  Adjus t -  
ments t o  t h e  l o s s e s  (Table  1 -1) .  L i t t l e  can be done p r e s e n t l y  r ega rd ing  
t h e  mod i f i c a t i on  of t h e  cause of a  snow storm;  cloud seed ing  techniques  
11 According t o  t he  U.S. Weather Bureau, damage a t t r i b u t e d  t o  t h e  snow 
haza rd  i n  t h e  United S t a t e s  ranged from an  absoluqe minimum of $1,502,550 i n  
1964 t o  a  maximum of $738,841,500 i n  1958. However, t h e s e  e s t ima t e s  a r e  based 
on t h e  h igh  and low e s t ima t e s  99 t h e  U.S. Weather Bureau f o r  those  storms which 
were d~emed  s e v e r e  enough f o r  p u b l i c a t i o n  i n  Storm Qata ,  U.S. Weather Bureau, 
Department of Commerce, Washington, D.C. 
2/ The 4mprican Publ ic  Wprks AssocCation c o p d v ~ t e d  a 8 tudy which was - 
designed t o  measure c e r t a i n  economic impacts of snow and i c e ,  w i th  t h e  hope 
of p r e g c r i b i ~ g  s o l u t i o n s  f p r  t he  prgblem. See,  American Publ ic  Works Associ-  
a t i o n ,  Snow Removal and I c e  Control  i n  Urban Areas (Dra f t )  Chicago, 1965. 
have been l a r g e l y  concerned w i t h  h a i l  s u p p r e s s i o n  and p r e c i p i t a t i o n  induce-  
ment. N e v e r t h e l e s s ,  most communities have adopted some t y p e  of snow removal 
program bu t  t h e  ad jus tments  t h a t  r e q u i r e  changes i n  p e o p l e ' s  h a b i t s  a r e  
woefu l ly  a b s e n t .  
Table  1-1 
T h e o r e t i c a l  Range of Adjustments t o  t h e  Snow Hazard 
(, Technolog ica l  Behavioral  / 
Modify t h e  Cause 
Cloud Seeding 
L i k e  t h e  f l o o d  hazard problem, t h e r e  has  been l i t t l e  r e s e a r c h  on non- 
s t r u c t u r a l  a l t e r n a t i v e s  i n  snow hazard c o n t r o l .  But,  u n l i k e  t h e  urban snow 
hazard problem, r e s e a r c h  i n  n o n - s t r u c t u r a l  a l t e r n a t i v e s  i n  f l o o d  hazard i s  
now be ing  under taken by t h e  U.S. Weather Bureau, U.S. Corps of Engineers ,  
Modify t h e  Hazard 
Snow Removal 
Chemicals on t h e  
Highways 
Heated S t r e e t s  
Snow Fences 
and t h e  Economic Research S e r v i c e  i n  a d d i t i o n  t o  p u b l i c  and p r i v a t e  i n s t i -  
t u t i o n s .  I n  t h e  c a s e  of t h e  f l o o d  hazard ,  f l o o d p l a i n  zon ing  had been 
l a r g e l y  n e g l e c t e d  w i t h  emphasis on s t r u c t u r a l  a l t e r n a t i v e s .  Consequently,  
f lood  damage-potent ia l  has c o n t i n u a l l y  r i s e n .  Another example i s  found fn 
community p lann ing  f o r  f u t u r e  water  supp ly  where ad jus tments  such a s  wa te r -  
use  r e s t r i c t i o n s  and t h e  p r i c i n g  mechanism a r e  adopted on ly  d u r i n g  t imes  of 
a wa te r  s h o r t a g e  c r i s i s ;  t h e  development of new s o u r c e s ,  e s p e c i a l l y  r e s e r v o i r s ,  
i s  a t r a d i t i o n a l  response.  Weinberg, D i r e c t o r  of Oak Ridge Nat iona l  L a b o r a t o r y ,  
Modify t h e  Damage 
P o t e n t i a l  
Snow Routes 
F o r e c a s t i n g  
Park ing  R e s t r i c t .  
Snow T i r e s  and 
Chains 
Adjus t  t o  Losses  
Bear t h e  Loss  
I n s u r a n c e  
P u b l i c  R e l i e f  
- 
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The purpose of t h i s  r e s e a r c h  r e p o r t  i s  concerned w i t h  two problems 
of t h e  urban snow hazard :  
(1) '  To i d e n t i f y  and measure t h e  economic and s o c i a l  impact of 
t h e  snow hazard i n  u rban  p l a c e s ;  and,  
( 2 )  To i d e n t i f y  t h e  f a c t o r s  a f f e c t i n g  community ad jus tment  
t o  t h e  u rban  snow hazard .  
The concep tua l  framework of t h i s  i n t e r - d i s c i p l i n a r y  e f f o r t  i s  d e s c r i b e d  
i n  Chapter 2. I n  t h e  remainder of t h i s  c h a p t e r ,  t h e  s t u d y  s i t e s  and t e c h -  
n iques  of measurement a r e  surveyed. 
There  were two main p r i n c i p l e s  g u i d i n g  t h e  c h o i c e  of s t u d y  s i t e s .  
F i r s t ,  i t  was cons idered  e s s e n t i a l  t o  choose a  group of c i t i e s ,  which would 
be r e p r e s e n t a t i v e  of a l l  t h e  major snow environments i n  t h e  E a s t e r n  United 
S t a t e s .  Second, a l l  the, c i t i e s  chosen were of approx imate ly  t h e  same s i z e ,  
s o  t h a t  t h e r e  would be a t  l e a s t  a  modicum of c o m p a r a b i l i t y  i n  t h e  problems 
t h e y  had t o  f a c e .  
Fol lowing t h e  work of Rooney,l /  t h r e e  major snow b e l t s  were i d e n t i f i e d .  
They were d i f f e r e n t i a t e d  s imply by t h e  amount of snowfa l l  r e c e i v e d  and each 
formed a n  a r e a ,  runn ing  roughly e a s t  t o  wes t  a c r o s s  t h e  coun t ry .  The a r e a  . 
of h e a v i e s t  snowfa l l  (60 inches  p l u s )  inc luded  New England and a l l  t h o s e  
s t a t e s  s h a r i n g  a  common border  w i t h  Canada; t h e  middle  a r e a  (60 - 20 i n c h e s )  ' 
inc luded  a l l  bu t  t h e  most s o u t h e r l y  p a r t  of t h e  Mid-West, n o r t h e r n  Appalachia 
and t h e  e a s t  c o a s t  a s  f a r  s o u t h  a s  Washington, D.C., t h e  most s o u t h e r l y  a r e a  
(under  20 i n c h e s )  comprised s m a l l  p a r t s  of I l l i n o i s  and I n d i a n a ,  Tennessee,  
Kentucky, t h e  V i r g i n i a s  and t h e  C a r o l i n a s .  A t  l e a s t  two c i t i e s  were chosen 
from each  of t h e s e  t h r e e  zones. s o  t h a t s o m e  c r o s s - r e f e r e n c e  and comparison 
was p o s s i b l e .  
A l l  t h e  c i t i e s  chosen were medium-sized, w i t h  popula t ions  of between 
1/ Rooney, J.E. Jr. The urban snow hazard i n  t h e  United S t a t e s :  An 
- 
a p p r a i s a l  of d i s r u p t i o n .  Geographical  Review, Vol. 57, pp. 538-559. 
100,OOQ and 200,000. I t  was f e l t  t h a t  such  urban a r e a s  were l a r g e  enough 
t a  exper ience  r e a l  problems due t o  w i n t e r  ~ n o w f a l , l ,  y e t  a t  t b e  same Cime 
~ ~ u l d  be s t u d i e d  i n  dep th  w i t h  t h e  r e s o u r c e s  a t  ngr d i s p a s a l ,  Iq any c a s e  
many of t h e  n a t i o n ' s  l a r g e s t  c i t i e s ,  such a s  New york and Chicago, have 
g l r e a d y  undgrtaken independent  examinat ions  of t h e  problems produced by 
snsw. Xn qhq h e a j r  snow a r e a  t h e  c i t i e s  of U t i c a ,  New York, and Worcester ,  
~ a s s a y h y s ~ t t s  were s e l e c t e d  a s  t h e  major  site^, q l f b ~ u g h  g Q m e  r e g e r e n c e  t o  
Qulpcb, Vinnegota was made i n  t h e  s t u d y  9f m a n u f a c t u ~ i p g ,  ?n  t h e  medium 
spow area Canton, Ohj.o, and Rockfard,  T l l i a g i q ,  were choqe,?. Aad i n  t h e  
1 ~ w  qnow a r e a  E v a n s v i l l e ,  I n d i a n a ,  and N a s h v i l l e ,  T e n n e q g ~ g  were t h e  prtmary 
g i t e s ?  w i t h  some r e f e r q e c e  t o  Greensboro,  Nprth Caro l tpa !  i n  t h q  mpnvfactur-  
i ng  survey .  Thq main c l i q a t i c  and s o c i o - e c o n o m i ~  c b a r a q t e r i s t i q s  of a l l  
t h e s e  c;$fieq a r e  s w a r i z e d  i n  Tab le  1-2.  As cam be s e e q  Gbere i s  a  y i d e  
v s ~ i , a C i o n  i n  c h a r a c t e r ,  a l though  from t h e  f i g y r e s  f ~ r  pe,r ~ a p i t a  v a l u e  added 
4 by maaulac ty re  gnd per c a p i t a  r e t a i l  s a l e s  a l l  would appear  t o  be c o n s i d e r -  
a b l y  more prosperous t h a n  t h e  n a t i o n a l  qverage.  Hgwevar i t  Seems ~ e a s o n a b l e  
Go conclvde t h a t  t h e  range  of c i t i e s  was wide enough t o  p rec lude  undue 
b i a s  towards apy p a r t i c u l a r  type.  Also ,  a n  independent  e f f o r t ,  bu t  u t j . l i z -  
i e g  t h e  same methodologies and i n s t r u m e q t s ,  was ueder taken  by Paula  Archer 
i n  Regina,  Saskatchewan. 
During t h e  s p r i n g  of 1969 n i n e  d e t a i l e d  q u e s t i o n n a i r e s  were des igned 
t p  c g l l e c t  i n f o r m a t i o n  on v a r i o u s  a s p e c t s  of t h e  u rban  snow hazard problem. 
(Tab le  1-3) The s t u d y  s i t e s  f o r  t h e  i n t e n s i v e  i n v e s t i g a t i ~ n s  i n c l u d e  
E y a n a v i l l e ,  Tndiang and N a s h v i l l e ,  Tennes9ee w i t h  Tow annual  snowfalls; 
p o ~ k f o n d ,  T l l i n o i s  and Canton, Ohto w i t h  medium annual  pnow6allq; and U t i c a ,  
New York, Woroester,  Massachuse t t s ,  and Regina,  Saskatchawan w i t h  h i g h  
annual  s n o w f a l l s .  
Cgntact  by l e t t e r s  were sought  and rece ived  t h e  cpopeyat ion a£  t h e  
chatqbar- wf-commerce, t h e  mayor 's  o f f i c e ,  t h e  weather  bureau i n  each of t h e  
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Instruments of Data Collection 
Attitudes Economic Administrative Weather Forecast 
Toward Losses from Adjustment and Perception of 
Snow Hazard Snow Events to Hazard Hazard Severitv 
1. Public Opinion Questionnaire 
Telephone Interview (approx. 
50 at each of eight cities) 
2. Public Opinion Questionnaire 
Mail (approx. 200 at each of 
eight cities) 
3. Street Superintendent Operations 
Questionnaire (1 interview ,at 
each of eight cities) 
4. Street Department Financial 
Questionnaire (1 interview 
at each of eight sites) 
5. Retail Store Questionnaire 
(minimum of 10 at each of 
eight cities) 
6. Manufacturing Firm Mail 
Questionnaire .(all firms employing X 
over 100 persons in each of eight 
sites) 
7. Manufacturing Firm Interview 
Questionnaire (minimum of 10 firms X 
in each of eight sites) 
8. Nation wide Street Superintendent 
Mail Questionnaire (all U.S. cities X 
of 25,000 pop. which experience snow) 
9. Public Opinion Mail Questionnaire . X 
(follow-up of Summer Telephone Interview) 
t h e  s t u d y  s i tes .  Thus l o c a l  i n t e r e s t  and c o o p e r a t i o n  were a s s u r e d .  
A t h r e e - p e r s o n  i n t e r v i e w  team under took a s w e r - l o n g  t r i p  which 
s t a r t e g  i n  E v a n s v i l l e ,  I n d i a n a  and t e rmina ted  i n  Worces te r ,  Massachuse t t s .  
F i v e  days  were s p e n t  c o l l e c t i n g  t h e  i n f o r m a t i o n  a t  each  of t h e  s i t e s  i n  
t h e  U.S. Data c o l l e c t i o n  a t  Regina was completed by Augpst 1, 1969, a 
r e s e a r c h  a s s i s t a n t  from t h e  U n i v e r s i t y  of Toronto ,  Paula  Archer ,  under 
t h e  d i r e c t i o n  of Dr. I a n  Burton. 
CHAPTER 2 
CONCEPTUAL FRAMEWORK 
C l i f f o r d  R u s s e l l  
Man l i v e s  i n  a  n a t u r a l  wor ld  i n  which n o t h i n g  i s  c o n s t a n t  and 
n o t h i n g  i s  c e r t a i n ;  s o  he must c o n f r o n t ,  a t  e v e r y  t u r n ,  e v e n t s  o c c u r r i n g  
a c c o r d i n g  t o  t h e  outcome of c e l e s t i a l  gambles f o r  which he d o e s n ' t  even  
know t h e  r u l e s .  F o r t u n a t e l y ,  t h i s  wor ld  a p p e a r s  t o  have a  good d e a l  of 
i n e r t i a l  s t a b i l i t y ,  s o  t h a t  t h e  e v e n t s  t end  t o  c l u s t e r  i n  c e r t a i n  "normal" 
a r e a s ,  and t h e  p r o b a b i l i t y  of o c c u r r e n c e  f o r  d e v i a t i o n s  of a  g i v e n  s i z e  
d e c r e a s e s  a s  t h a t  s i z e  i n c r e a s e s . l /  For  a  g i v e n  c l a s s  of e v e n t s  ( f o r  
example, r a i n f a l l ,  t e m p e r a t u r e  o r  even  number of poisonous  snakes  per  
s q u a r e  mi l e )  t h e  v a l u e s  of t h e  median w i l l  g e n e r a l l y  v a r y  w i d e l y  from 
p l a c e  t o  p l a c e ,  b u t  t h e  ind igenous  p o p u l a t i o n  i n  e a c h  p l a c e  w i l l  have 
a d a p t e d  t o  t h e  normal wor ld  i t  f a c e s .  Thus,  t h e  h o u s i n g ,  c l o t h i n g , a n d  
h u n t i n g  p r a c t i c e s  i n  t r a d i t i n n a l  eskimo c u l t u r e  a r e  gea red  t o  v e r y  low 
a v e r a g e  t e m p e r a t u r e s ,  w h i l e  t h e  d e s e r t  Bedouim of  Nor th  A f r i c a  and t h e  
A r a b i a n  P e n i n s u l a  have adap ted  t o  v e r y  h i g h  dayt ime t e m p e r a t u r e s  and v e r y  
low a n n u a l  r a i n f a l l .  I n  t h i s  c o u n t r y ,  t h e  f a r m e r s  of t h e  humid E a s t  i 
I 
depend h e a v i l y  on  n a t u r a l  p r e c i p i t a t i o n  w h i l e  i n  t h e  a r i d  West, s p r a y  o r  
c a n a l  i r r i g a t i o n  must be t h e  o r d e r  of t h i n g s  i f  o t h e r  t h a n  v e r y  hardy 
1/ T h i s  s i t u a t i o n  may be c o n t r a s t e d  i n  t h e  i m a g i n a t i o n  w i t h  a  world 
i n  which many n a t u r a l  e v e n t s  had p r o b a b i l i t y  d e n s i t y  f u n c t i o n s  which were  
peaked a t  two ex t remes  (b imoda l ) ,  i . e . ,  i f  b o t h  d rough t  and f l o o d  were 
more p robab le  t h a n  t h e  mean f low.  Thus: 
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has made i n  t h e  f a c e  of t h a t  p a r t i c u l a r  a s p e c t  of u n c e r t a i n  n a t u r e .  
(A farmer w i t h  a  s t o r a g e  pond i s  i n  b e t t e r  shape t o  meet a r a i n f a l l  
s h o r t a g e  t h a n  one w i t h o u t . )  And s o ,  whether o r  n o t  we d e f i n e  a  p a r t i c u l a r  
l e v e l  of n a t u r a l  e v e n t  t o  c o n s t i t u t e  a  "hazard" has no importance  f o r  
p o l i c y  d e c i s i o n s .  The impor tan t  t h i n g s  a r e :  The p r o b a b i l i t y  d e n s i t y  
f u n c t i o n  f o r  t h e  n a t u r a l  e v e n t s ;  t h e  range  of a v a i l a b l e  ad jus tments  and 
t h e i r  c o s t s ;  and t h e  e f f e c t i v e n e s s  of t h e  ad jus tments  i n  r educ ing  l o s s e s  
t o  t h e  community. The fundamental  p o l i c y  q u e s t i o n  i s :  What l e v e l  of 
ad jus tment  t o  choose? And a b s t r a c t i n g  from problems of p o l i t i c s ,  d i s t r i -  
b u t i o n ,  e t c . ,  t h e  answer i s :  Tha t  l e v e l  which minimizes t h e  sum of i t s  
c o s t s  and t h e  remaining.  damages. l /  T h i s  p r o p o s i t i o n  i s  t h e  h e a r t  of t h e  
framework we a p p l y  t o  the  urban snow hazard  i n  t h i s  r e p o r t ,  and i t  w i l l  
be worthwhi le  t o  devo te  a d d i t i o n a l  space  t o  d i s c u s s i n g  and ampl i fy ing  i t .  
We i l l u s t r a t e  t h e  b a s i c  p r o p o s i t i o n  i n  F i g u r e  2-1 where we show c o s t s  
and (expec ted)  damages f o r  some u n s p e c i f i e d  hazard  a s  f u n c t i o n s  of t h e  
chosen l e v e l  of ad jus tment  t o  t h a t  hazard .21 We a l s o  draw i n  t h e  curve  
r e p r e s e n t i n g  t h e  sum of c o s t s  and l o s s e s  and i n d i c a t e  by A* t h e  l e v e l  
of ad jus tment  a t  w h i c h ' t h a t  sum i s  minimized. I f  we w r i t e  c o s t s  and 
damages a s  f u n c t i o n s  of ad jus tment ,  C(A) and D(A) r e s p e c t i v e l y ,  t h e  
11 S i n c e  we a r e  d e a l i n g  w i t h  u n c e r t a i n t y ,  t h i s  c r i t e r i o n ,  a t  i t s  
- 
s i m p l e s t ,  must be couched i n  terms of expected damages a s  we show below. 
21 For  now we a b s t r a c t  from t h e  problem of choos ing  one o r  a  com- 
- 
b i n a t i o n  of r e l a t e d  ad jus tments  and c o n c e n t r a t e  on t h e  c h o i c e  of t h e  ap- 
p r o p r i a t e  l e v e l  f o r  a  s i n g l e  p o s s i b i l i t y .  
OPTIMAL ADJUSTMENT CHOICE 
L E V E L  O F  ADJUSTMENT 
FIGURE 2-1 
s imple  a l g e b r a  of t h e  problem may be b r i e f l y  s t a t e d  a s :  
Min C(A) + D(A) ; 
w i t h  f i r s t  o r d e r  c o n d i t i o n s :  
I n  words,  t h i s  c o n d i t i o n  i s :  A n e c e s s a r y  c o n d i t i o n  t h a t  A>k be t h e  op t imal  
l e v e l  of ad jus tment  i s  t h a t  a t  A*, t h e  marginal  c o s t s  of a d d i t i o n a l  ad- 
jus tment  a r e  j u s t  e q u a l  t o  t h e  marg ina l  damages avoided by under tak ing  
f u r t h e r  ad jus tment .  Thus, a  f i r s t  impor tan t  p o i n t  t o  n o t e  i s  t h a t  f o r  
decis ion-making purposes ,  we a r e  i n t e r e s t e d  on ly  i n  t h e  damages which can 
be a f f e c t e d  by t h e  contemplated ad jus tment .  Thus, f o r  example, i n  r e l a t i o n  
t o  urban s n o w f a l l ,  i f  t h e  ad jus tment  of i n t e r e s t  i s  t h e  l e v e l  of snow 
removal c a p a b i l i t y  mainta ined by a  c i t y  s t r e e t  depar tment ,  t h e  l o s s e s  
r e s u l t i n g  from snow accumula t ion  on u t i l i t y  w i r e s  and t r e e  branches ,  and 
from h e a r t  a t t a c k s  among s idewalk  s h o v e l e r s ,  a r e  i r r e l e v a n t . l /  Of i n t e r -  
e s t  a r e  damages i n  t h e  form of  i n c r e a s e d  worker absence ,  i n c r e a s e d  t r a v e l  
t i m e ,  i n c r e a s e d  r i s k  of a c c i d e n t ,  e t c . ,  a t t r i b u t a b l e  t o  accumulat ion of 
snow on c i t y  s t r e e t s . 2 1  
I n  o r d e r  t o  unders tand  b e t t e r  t h e  mechanism behind t h e  s imple  curves  
p resen ted  s o  f a r ,  i t  i s  wor th  c o n s i d e r i n g  a n  expanded but  s t i l l  g e n e r a l  
1/ Excep t ,  of c o u r s e  i n s o f a r  a s  h e a r t  a t t a c k s  can be r e l a t e d  t o  t h e  
- 
c i t y ' s  plowing p r a c t i c e s  i n  r e p e a t e d l y  f i l l i n g  i n  p r i v a t e  dr iveways ,  e t c .  
2 /  S t r i c t l y  s p e a k i n g ,  i t  i s  t h e  r e d u c t i o n  i n  damages a s  t h e  l e v e l  of 
ad jus tment  i s  i n c r e a s e d  t h a t  i s  of i n t e r e s t .  Thus i t  does  us no harm t o  
knom, f o r  example, t h a t  t o t a l  damages ( r e l e v a n t  and i r r e l e v a n t )  i n  t h e  absence 
of ad jus tment  a r e  D i f  we a l s o  know t h a t  t h e s e  a r e  reduced by ad jus tment  
a c c o r d i n g  t o  a  f u n c t i o n  R(A). Then t h e  f i r s t  o r d e r  c o n d i t i o n  i s  dC(A) = dR(A) 
and t h e  a b s o l u t e  s i z e  of D i s  i r r e l e v e n t .  d  A d  A 
madel ,  On t h e  one hand,  we assume t h a t  n a t u r e  produces  e v e n t s ,  y ,  
a c c o r d i n g  t o  t h e  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  f ( y ) ,  one e a c h  tirpe p e r i o d .  
(We a b s c r a c t  from p o t e n t i a l  problems of s e r i a l  c o r r e l a t i o n  i n  t h e  e v e n t s . )  
The e v e n t s  y  produce  f o r  any  g i v e n  l e v e l  of  a d j u s t m e n t ,  A ' ,  a  p h y s i c a l  
i m p a ~ t  I ' ,  qq t h e  a f f e c t e d  human s o c i e t y  a c c o r d i q g  t w  t h e  r e l a t i o n  I '  F 
g ( ~ ' , y ) .  T h i s  p h y s i c a l  impact  may i n  t u r n ,  we assume,  be t r a n s l a t e d  
i n t o  damages f p r  t h e  t i m e  p e r i o d ,  which  we s h a l l  w r i t e  a s  D(1).  I f  we 
Bssume t h q t  t h e  c o v t s  of  imp lemen t ing  any  a d j u s t m e q t  l e v e l ,  A ,  a r e  known 
t o  be C(A) p e r  p e r i o d  ( p e r h a p s  t h e  p e r - p e r i o d - e q u i v a l e n t  of t h e  c a p i t a l  
. 
c o s t s  of  A p l u s  t h e  o p e r a t i n g  c o s t s  f o r  r u n n i n g  A d u r i n g  a  p e r i o d ) ,  we 
a l r e a d y  have one h a l f  of t h e  r e q u i r e d  i n f o r m a t i o n ,  
O b t a i n i n g  t h e  a t b e r  h a l f ,  t h e  r e l a t i o n  w e  hqvq w r i t t e n ,  D(A) i s  
somewhat more c o m p l i c a t e d .  S i n c e  damages a r e  i n d i r e c t l y  a  f u p c t i o n  of  t h e  
a d j u s t m e n t  l e v e l ,  we may w r i t e :  
and making  u s e  of t h e  p r o b a b i l i t y  i n f o r m a t i o n  we have  a b o u t  t h e  e v e n t s ,  
y ,  we may f i n d  t h e  e x p e c t e d  damages f o r  g i v e n  a d j u s t m e n t ,  A ' ,  a s  
' O D  
I n  t h e  c a s e  of  any  a c t u a l  h a z a r d ,  of  c o u r s e ,  t h e r e  w i l l  a l m o s t  
c e r t a i n l y  be a  number of  a d j u s t m e n t  p o s s i b i l i t i e s  open ,  some of which  w i l l  
1/ S inqe  t h i s  o p e r a t i o n  may be performed f o r  any  number of l e v e l s ,  
A ' ,  jt-is p o s s i b l e  t o  t r a c e  o u t  a  c u r v e  r e l a t i n g  e x p e c t e d  dapgges pe r  
p e r i o d  t o  a d j u s t m e n t  l e v e l .  T h i s  i s  t h e  c u r v e  we have r e f e r r e d  t o  above 
by t h e  s h o r t h a n d  l a b e l ,  D(A). I n  p r a c t i c e ,  i t  i s  l i k e l y  t h a t  t h e  proba-  
b i l i t y  i q f o r m a t i o ~  w i l l  be i n  a  form making a n a l y t i c a l  i n t e g r a t i o n  imprac -  
t i c a k .  
be mutua l ly  e x c l u s i v e ,  but  o t h e r s  of which may be u s d i n  c o m b i n a t i o n . l /  
I n  a d d i t i o n ,  t h e  hazard  we r e f e r  t o  i n  t h e  s i n g u l a r  may have s e v e r a l  
d imens ions ,  a l l  p r e s e n t  i n  t h e  n a t u r a l  e v e n t ,  a l l  r e l a t e d  t o  damages, 
and a l l  a f f e c t e d  by s p e c i f i c  a d j u s t m e n t s  i n  d i f f e r e n t  ways. For  t h i s  
g e n e r a l  c a s e  i t  i s  e a s y  enough t o  w r i t e  down t h e  fo rmal  ana logs  of our  
e a r l i e r  e x p r e s s i o n s  2-1 and 2-2 ,  but  i t  may be q u i t e  a n o t h e r  m a t t e r  t o  
o b t a i n  and combine i n f o r m a t i o n  on s e v e r a l  a d j u s t m e n t s ,  s e v e r a l  hazard  
d imensions  and t h e  r e s u l t i n g  p h y s i c a l  impacts  and damages i n  o r d e r  t o  
o b t a i n  t h e  expec ted  damage s u r f a c e  D(A1, A * ,  A3,  . . . ) .2 /  Damage f u n c t i o n s  
themselves  may be d i f f i c u l t  t o  e x p r e s s  i n  d o l l a r  t e rms ,  s i n c e  f o r  more 
h a z a r d s ,  l o s s  of  human l i f e  o r  t h e  i n f l i c t i o n  of p a i n  and s u f f e r i n g  may 
c o n s t i t u t e  a  s i g n i f i c a n t  p a r t  of t h e  problem.2/ 
1/ For some purposes  i t  may be u s e f u l  t o  t h i n k  of a d j u s t m e n t s  a s  
f a l l i n g  i n t o  one of t h r e e  broad c l a s s e s :  t h o s e  t h a t  a l t e r  n a t u r a l  v a r i a t i o n  
i t s e l f ;  t h o s e  t h a t  moderate t h e  impact  on man of undiminished v a r i a t i o n ;  and 
t h o s e  t h a t  aim a t  r e d i s t r i b u t i n g  l o s s e s  w i t h i n  t h e  a f f e c t e d  group ( o r  a t  
s p r e a d i n g  l o s s e s  ove r  a  wider  g roup) .  
2/ I n  t h e  s t u d y  of t h e  f l o o d  h a z a r d ,  f o r  example,  G i l b e r t  White and 
h i s  c o l l a b o r a t o r s  have i d e n t i f i e d  a  number of p o t e n t i a l  a d j u s t m e n t s ,  i n -  
c l u d i n g  s t r u c t u r a l  measures ( s u c h  a s  dams, d i k e s ,  and f l o o d  w a l l s ) ,  i n d i -  
v i d u a l  f lood-proof  i n g  o f  s t r u c ' t u r e s ,  and f locd-p la in  zoning.  (See ,  f o r  
example,  G i l b e r t  White,  Choice of  Adjustment t o  F l o o d s ,  Department of Geo- 
graphy Research Paper No. 93,  U n i v e r s i t y  of Chicago,  1964.)  
A noteworthy a t t e m p t  t o  d e a l  w i t h  t h e  o p t i m i z i n g  problem r e f l e c t i n g  
t h e s e  major a l t e r n a t i v e  ad jus tmen t s  was made by L. James ,  and r e p o r t e d  i n  
"A Time Dependent P lann ing  Process  f o r  Combining S t r u c t u r a l  Measures ,  Land 
Use and Flood P r o o f i n g  t o  Minimize t h e  Economic Loss  of  F loods , "  Repor t  
EEP-12, S t a n f o r d  U n i v e r s i t y  I n s t i t u t e  i n  Engineering-Economi-c Systems,  1964. 
3 /  To admit  t h a t  t h i s  problem of v a l u i n g  human l i f e  is  d i f f i c u l t  i s  
n o t  t o s a y  t h a t  i t  i s  i m p o s s i b l e  t o  s o l v e  o r  t h a t  i t  i s  m o r a l l y  r e p r e h e n s i -  
-
b l e . t o  t r y .  Every d a y  our  l e g i s l a t u r e s  make i m p l i c i t  judgments abou t  t h e  
v a l u e  o f  human l i f e - - i n  v o t i n g  on p u b l i c  h e a l t h  i n s u r a n c e ,  drunk d r i v e r  
l e g i s l a t i o n ,  and p o l l u t i o n  c o n t r o l  measures.  One a l t e r n a t i v e  f o r  hazard  
r e s e a r c h  aimed a t  i n f l u e n c i n g  p o l i c y  i s  t o  r e p o r t  t h e  i m p l i c a t i o n s  of s e v e r a l  
a l t e r n a t i v e  v a l u a t i o n s .  
Anothe r  s e t  o f  problems c a l l s  i n t o  q u e s t i o n ,  however ,  che  uFer  
f q l n e s s  o f  a n y  e x e r c i s e  based  on t h e  d e t e r m i n a t i o n  o f  a n  e ~ o n o m i c a l l y  
e f f i c i e n t  optimum. These  problems f o c u s  on what  migh t  b e  te rmed b r o a d l y  
t h e  " p o l i t i c a l  s i t u a t i o n . "  Thus ,  a n y  s e t  o f  a d j u s t m e n t s  and d e c i s i o n s  
a b o u t  f u n d i n g  t h e i r  c o s t s  w i l l  imply a  c e r t a i n  d i s t r i b u t i o n  o f  c o s t s  and 
damages (and damages a v o i d e d )  o v e r  t h e  i n d i v i d u a l s  and s u b  g roups  of  
t h e  o u e ~ g l l  s o c t e t y  a f f e c t e d  by t h e  h a z a r d .  D e c i s i o n  make r s ,  w h e t h e r  
i d e q l i z e d  "managers" o r  l e g i s l a t i v e  b o d i e s ,  w i l l  be  s e n s i t i v e  t~ t h i s  
d i s t r i b s l t i o n  i n  cgmbina t ior?  w i t h  t h e  p o l i t i c a l  "weight"  t h e y  p e r c e i v e  
aq a t f a q h i n g  t o  each  o f  t h e s e  g r o u p s .  However one  models  t h e  p o l i t i c a l  
d e c i s i o n  p r o c e s s ,  i t  is  u n l i k e l y  t h a t  t h e  e c o n o m i c a ~ l y  e f f i c i e n t  s o l u r i o n  
w i l l  be  of  much r e l e v a n c e . i /  
, I n  a d d i t i o n ,  o f  c o u r s e ,  t h e  a d j u s t m e n t s  t h a t  a r e  p e r c e i v e d  a s  
p o s s i b l e  by t h e  p u b l i c  and t h e i r  r e p r e s e n t a t i v e s  w i l l  be  t o  3 g r e a t e r  
g r  l e s s e r  e x t e n t  l i m i t e d  by t h e  p r e v a i l i n g  t r a d i t i o n s  o f  t h e  s o c i e t y .  
O f  p a r t i c u l a r  impor t ance  i n  t h i s  r e g a r d  is  l i k e l y  t o  be  t h e  s o c i e t y ' s  
viqw o f  i t s  r e l a t i o n  t o  n a t u r e - - w h e t h e r  i t  s t a n d s  a s  n a t u r e ' s  m a s t e r ,  
p a r t n e r ,  o r  s u b j e c t . - /  Thus ,  f o r  example ,  o u r  s o c i e t y  t e n d s  t o  v iew 
i t s e l f  a s  n a t u r e ' s  m a s t e r  and t e n d s  t o  r e s i s t  a d j u s t m e n t s  which seem t o  
11 F o r  r e l a t e d  v i ews  o f  t h i s  p r o c e s s  ( t h a t  n o n e t h e l e s s  d i v e r g e  i n  
- 
s i g n i t i c a p t  p a r t i c u l a r s ) ,  s e e  E. H a e f e l e ,  "Env i ronmen ta l  Q u a l i t y  a s  a  
Problem pf $ ~ q i a l  Cho ice , "  p r e s e n t e d  a t  t h e  J u n e . 1 9 7 0  RFF C o n f e r e n c e ,  
E n v i s o n m e ~ t a l  Q u a l i t y  and t h e  S o c i a l  S c i e n c e s :  T h e o r e t i c a l  and Methodo- 
l o g i c a l  S t u d i e s ,  J u n e  16 -18 ,  1970 (mimeo); and R. Dor foan ,  "Gene ra l  
E q v l l i b r i u m  w i t h  P u b l i c  Goods" i n  P u b l i c  Economics,  Margwl is  and Gui ton  
( e d s .  ) (New York: S t .  M a r t i n ' s  p r e s s ' ,  1 9 6 9 ) .  '" ' 
2 /  S e e  C .  R u s s e l l ,  "Losses  from N a t u r a l  Haza rds , "  Land Economics,  
Novem&r 1970.  
"give i n "  t o  n a t u r e  (e .g . ,  c l o s i n g  down a  c i t y  f o r  a  day o r  two, r a t h e r  
t h a n  f r a n t i c a l l y  t r y i n g  t o  keep up normal work r o u t i n e s  and t r a f f i c  
movement d u r i n g  and a f t e r  l a r g e  s n o w f a l l s ) .  
To g i v e  t h e s e  p o l i t i c a l  and c u l t u r a l  q u e s t i o n s  t h e i r  f u l l  due 
w i t h i n  our  c o n c e p t u a l  framework would be a  l a r g e  p r o j e c t  i n  i t s e l f ,  b u t  
we can sugges t  s c h e m a t i c a l l y  where t h e y  would f i t  i n  t o  a  l a r g e r  d e c i s i o n  
model t a k i n g  i n t o  accoun t  a  number of  a l t e r n a t i v e  ad jus tments .  I n  F igure  
2-2 we p r o v i d e  such a  schemat ic ,  a l s o  c a l l i n g  a t t e n t i o n  t h e r e  t o  t h e  p o s s i -  
b i l i t y  t h a t  ad jus tment  a l t e r n a t i v e s  may d i f f e r  i n  t h e  t ime h o r i z o n  over  
which d e c i s i o n s  about  them must be made. Thus, f o r  example, some a l t e r -  
n a t i v e s ,  such a s  d i k e s ,  l e v e e s  and s t o r a g e  r e s e r v o i r s  f o r  f lood  c o n t r o l  
i n v o l v e  commitment of  r e s o u r c e s  f o r  a s  much a s  50 o r  100 y e a r s .  I n  t h e  
s h o r t  r u n ,  on t h e  o t h e r  hand,  d e c i s i o n s  must be made abou t  o p e r a t i n g  
p o l i c y  f o r  t h e  rese rvo i r s - -when  and how much t o  s p i l l  t o  make room f o r  
expec ted  heavy f lows ;  whether o r  n o t  t o  add sandbags t o  l e v e e  t o p s ;  
whether  o r  n o t  t o  evacua te  t h e  "p ro tec ted"  p o p u l a t i o n .  There w i l l ,  i n  
g e n e r a l ,  e x i s t  t e c h n i c a l  r e l a t i o n s h i p s  between long and s h o r t - r u n  a l t e r -  
n a t i v e s ,  a s  w e l l  a s  w i t h i n  t h e  two s e t s  themselves ,  adding a n o t h e r  l a y e r  
of  complexi ty  t o  t h e  p o l i c y  problem. 
-19- 





P U B L I C  ATTITUDES. MANAGER S GOALS. 
P O L I T I C A L  SITUATION 
- - G L O B A L  MINIMUM 
- - C O N S T R A I N T  
F E A S I B L E  R E G I O N  
+ 
A D J U S T M E N T  l A l  
TECHNICAL RELATIONS I SUBSTITUTION 
4 I 
INCOMPATABILITY COMPLEMENTARITY 
SHORT- RUN ALTERNATIVES 
I I 
Alternative a 
costs And Damages, Etc. - FORECASTS; SUBJECTIVE PROBABILITES . 
P U B L I C  ATTITUDES, MANAGER'S GOALS, 
P O L I T I C A L  SITUATION 
Choice Of Best Attainable 
Adjustment u
- - G L O B A L  MINIMUM 
- . - C O N S T R A I N T  
F E A S I B L E  R E G I O N  
A D J U S T M E N T  I A )  
- 
FIGURE 2-2 
A p p l i c a t i o n  o f  t h e  Framework t o  t h e  Urban Snow Hazard 
We have  a t t e m p t e d  t o  u s e  t h e  c o n c e p t u a l  framework j u s t  d e s c r i b e d  
bo th  a s  a n  a i d  t o  c o o r d i n a t i n g  t h e  r e s e a r c h  o f  t h e  s e v e r a l  a u t h o r s  
and  o r g a n i z i n g  t h i s  r e p o r t ,  and a s  t h e  b a s i s  f o r  a  q u a n t i t a t i v e  i n v e s t i -  
g a t i o n  0 f . a  p a r t i c u l a r  a d j u s t m e n t  t o  u rban  s n o w f a l l s .  We have  done 
t h i s  i n  f u l l  knowledge of t h e  g e n e r a l  weaknesses  a l r e a d y  d i s c u s s e d  and 
w i t h  d e v e l o p i n g  a p p r e c i a t i o n  of  t h e  c o m p l e x i t y  of  t h e  problem and t h e  
d i f f i c u l t y  o f  g a t h e r i n g  d a t a  a b o u t  i t .  I n  t h i s  s e c t i o n  we d i s c u s s  t h e  
g e n e r a l  i d e n t i f i c a t i o n  o f  e l e m e n t s  o f  t h e  u rban  s n o w f a l l  problem w i t h  
e l e m e n t s  o f  t h e  model .  I n  t h e  n e x t  c h a p t e r  we c o n s i d e r  i n  more d e t a i l  
t h e  r a n g e  o f  a d j u s t m e n t s  open t o  t h e  m u n i c i p a l  d e c i s i o n  makers f a c i n g  
t h i s  problem,  and i n  C h a p t e r  4 w e ' p r e s e n t  some r e s u l t s  of  a t t e m p t i n g  
t o  q u a n t i f y  c o s t s  and damages r e l a t e d  t o  t h e  overwhelmingly  p o p u l a r  
a d j u s t m e n t  t o  s n o w f a l l s ,  s t r e e t  c l e a r i n g .  
As no ted  above ,  a d j u s t m e n t s  t o  a  p a r t i c u l a r  h a z a r d  may be  p l a c e d  
i n  t h r e e  b road  c a t e g o r i e s :  t h o s e  i n t e n d e d  t o  dampen n a t u r a l  v a r i a t i o n ;  
t h o s e  i n t e n d e d  t o  s o f t e n  t h e  impact  on human s o c i e t y  o f  und imin i shed  
v a r i a t i o n ;  and t h o s e  i n t e n d e d , o n l y  t o  r e d i s t r i b u t e  c o s t s  and l o s s e s  from 
g i v e n  e v e n t s .  I n  t h e  c a s e  o f  u rban  s n o w f a l l ,  t h e r e  a p p e a r  t o  be  t h r e e  
ma jo r  a d j u s t m e n t  a l t e r n a t i v e s .  F i r s t ,  w e a t h e r  m o d i f i c a t i o n  aimed a t  
chang ing  t h e  amount o r  l o c a t i o n  of  s n o w f a l l  (damping n a t u r a l  v a r i a t i o n )  
a s  a  p o s s i b i l t y ,  though n o t  a t  p r e s e n t  a  h i g h l y  deve loped  o n e . l /  
1/ Some s u c c e s s  h a s  been  r e p o r t e d  i n  s h i f t i n g  snow s t o r m s  i n t o  s p a r s e l y  
p o p u l a t e d  a r e a s  a l o n g  t h e  New York S t a t e  s h o r e  of  Lake E r i e .  
Second,  g i v e n  t h e  p r e s e n t  p a t t e r n  o f  s n o w f a l l ,  a  c i t y  c a n  o p t  t o  a t t e m p t  
t o  keep  i t s  l i f e  a s  n e a r  normal as p o s s i b l e  by c l e a r i n g  s t r e e t s  t h rough  
p lowing,  ahemica l  a p p l i c a t i o n  o r  h e a t i n g  of  road  s u r f a c e s . l /  Given t h a t  
a fundamen ta l  d e s i r e  i s  t o  m a i n t a i n  t h e  normal  pace  of  t h e  c i t y ' s  l i f e ,  
t h e  s t r e e t - c l e a r i n g  a d j u s t m e n t  r e d u c e s  damages and i n c r e a s e s  c o s t s .  The 
r e m a i n i n g  damages t e n d  t o  be  bo rne  by i n d i v i d u a l s  i n  t h e i r  capacities 
a s  f i r u ~ t r a t e d  commuters o r  s h a p p e r s ,  w h i l e  t h e  c o s t s  a r e  s h a r e d  among 
t a x  p a y e r s  g e n e r a l l y  i n  r e l a t i o n  t o  a s s e s s e d  p r o p e r t y  v a l u e s .  
4 r b i r d  b a s i c  mode o f  a d j u s t m e n t  seems,  however,  t o  be p ~ s s i b l e ;  
t h i s  v a ~ i d  i n v o l v e  l e s s  i n t e r f e r e n c e  w i t h  t h e  p h y s i c a l  impact  o f  a snaw- 
f q l l  and t h e  i n s t i t u t i o n  o f  a  new n o r m a l i t y  f o r  snow days  b u t  would s t i l l  
b q s i c a l l y  f a l l  i n t o  t h e  second c a t e g o r y .  I n s t e a d  o f  t r y i n g  t o  retnovq t h e  
snow e s s e n t i a l l y  as f a s t  as i t  f a l l s ,  t h e  a i t y  would e i t h e r  w a i t  f o r  
* 
h i g h e r  t e m p e r a t u r e s  t o  remove i t  n a t u r a l l y  ( i n  a r e a s  o f  low snowSa l l  and 
h i g h  normal d a i l y  w i n t e r  t e m p e r a t u r e s )  o r  a t t a c k  a t  a s l o w e r  pace  t h a n  
p r e g e n t l y .  ~ e a n w h i l e ,  n o t  o n l y  s c h o o l s  b u t  a l s o  shop$,  Q ~ $ ~ S R S ,  gpyern -  
ment a g e n c i e s ,  and even many p r o d u c t i o n  f a c i l i t i e s  migh t  be c l o s e d  down. 
P r o v i s i o n s  would have  t o  be  made f o r  emergency v e h i c l e s  and s e r v i c e s .  
( T h i s  would p r o b a b l y  i n v o l v e  p u r c h a s e  o f  s p e c i a l  v e h i c l e s ,  b u t  c o u l d  b e  
l e s s  t r o u b l i n g  t h a n  i t  might  a p p e a r  because  of  t h e  presumed a b s e n c e  o f  
She s t q l l e d  and s k i d d e d  a u t o s  of  un lucky  commuters .)  I n  a d d & f i ~ n  qqme 
c o n t i n u o u s  p r o c e s s  f a c i l i t i e s  such  a s  s t e e l  m i l l s  might  be  t q o  e x p e n s i v e  
1/ A b r a s i v e s  such  a s  sand and c i n d e r s  a r e  s t i l l  a p p l i e d  a 5  a  p a r t  o f  t h e  
F 
g e n e ~ a l  q l e a r i n g  o p e r a t i o n ,  though t h e i r  u s e  seems t o  grow p rqqreqs$we ly  
lqqa  common a s  t h e y  a r e  r e p l a c e d  by chemica l s  which combine Some immedi- 
a t e  t y a a t i o n  improvement w i t h  l o n g e r - t e r m  removal .  
t o  s h u t  down. I n  any  e v e n t ,  t h e  damages would e q u a l  o n l y  w h a t e v e r  r e a l  
l o s s e s  i n  p roduc t ion (va1ue -added)  were  invo lved  a f t e r  a l l o w a n c e  f o r  
postponement o f  p r o d u c t i o n  (and s a l e s )  beyond t h e  t i m e  o f  t h e  snow, l l  
and would be  b o r n e ,  a t  l e a s t  i n i t i a l l y ,  by t h e  owners of  t h e  f a c t o r s  o f  
p r o d u c t i o n  i n v o l v e d .  On t h e  o t h e r  hand ,  i t  seems r e a s o n a b l e  t o  t h i n k  
t h a t  s u b s t a n t i a l  o f f s e t t i n g  b e n e f i t s  from u n a n t i c i p a t e d  l e i s u r e ,  snow- 
based r e c r e a t i o n  e x p e r i e n c e s  and even t h e  a e s t h e t i c s  of  u n d i s t u r b e d  snow 
s c e n e s ,  would f low from t h i s  a d j u s t m e n t .  
An i d e a l  a n a l y s i s  o f  t h e  u r b a n  snow h a z a r d  would l o o k  s i m u l t a n e o u s l y  
a t  a l l  t h r e e  broad  c a t e g o r i e s  o f  a d j u s t m e n t  ( r e a l i z i n g  t h a t  w e a t h e r  
m o d i f i c a t i o n  c o u l d  be  used  i n  c o n j u n c t i o n  w i t h  e i t h e r  o f  t h e  o t h e r  two, 
b u t  t h a t  t h e  c h o i c e  between s t r i v i n g  t o  m a i n t a i n  normal  a c t i v i t y  and 
s h u t t i n g  down a f t e r  heavy snow i s  e s s e n t i a l l y  d i cho tomous ) .  T h i s  would,  
however,  i n v o l v e  some e x t r a o r d i n a r i l y  d i f f i c u l t  e s t i m a t i o n  t a s k s ,  p a r -  
t i c u l a r l y  i n v o l v i n g  t h e  c o s t s  and p h y s i c a l  impact  o f  w e a t h e r  m o d i f i c a t i o n ,  
and t h e  d,amages ( n e t  o f  r e c r e a t i o n a l ,  a e s t h e t i c  and  e m o t i o n a l  b e n e f i t s )  
o f  g r a n t i n g  more snow d a y s .  We have  chosen  t o  be  l e s s  v a l i a n t  b u t  more 
r e a l i s t i c  and t o  c o n f i n e  o u r s e l v e s  t o  c o n s i d e r i n g  t h e  s t r e e t - c l e a r i n g  ' 
a d j u s t m e n t .  
11 The c a l c u l a t i o n  of  l o s s e s  depend ing  on t h e  a c c o u n t i n g  p o i n t  
o f  v i& adop ted  ( e . g .  l o c a l  o r  n a t i o n a l )  and t h e  e f f e c t  o f  a l l o w i n g  f o r  
t r a n s f e r r a l  o r  d e f e r r a l  o f  p r o d u c t i o n  and s a l e s  a r e  d i s c u s s e d  i n  C. S. 
R u s s e l l ,  D. G.  Arey ,  and R. W. K a t e s ,  Drought  and Water  Supp ly :  The 
~ m p l i c a t i o n s  o f  t h e  M a s s a c h u s e t t s  E x p e r i e n c e  f o r  M u n i c i p a l  P l a n n i n g  
( B a l t i m o r e :  Johns  Hopkins P r e s s ,  November 1970) .  
To begin at the beginning, then, in speaking of a snowstorm of 
so many inches in so many hours, it is clear that the major dimensions 
05 interest are those of rate and total depth of fall. There are, 
however, a number of other significant dimensions in determining the 
extent of human loss associated with the storm. Thus, for example? 
the temperature, the wind speed and time of day and day of week all 
hqve same impact on losses. Temperature determines whether She £first 
layer of snow will turn to a glaze of ice under pressure of traffi~ and 
i s  important in determining the density of the snow on the gr~uvd. Wind 
determines the extent of drifting (in combination with temperaeure). And 
$now fall on Sunday morning is less dangerous than one beginning in the 
middle of a weekday afternoon. 
We shall submerge the dimensions of wind speed and timing, and 
4 
treat temperature only roughly, concentrating on the hourly rate of fall 
as the important dimension of the storm. This decision, i n  kufn, suggests 
a patural measure of the level of municipal adjustment: t h e  rate qf  
which snow can be removed from the city's streets in inches per houy.l/ 
If  seems reasonable to expect that since the aim of the city goverpment 
is to paintain a normal flow of traffic, any net accumulation of snow 
will cause damages. The shortest period which appegrs to be practical 
1/ As we have already noted, an inch of snow in one storm can be 
- 
far heavier than the same depth in another, and an average f a l l  of one 
inch gives much greater trouble if it is drifting than if it is not. 
for analysis of this effect is the hour, since the most detailed pre- 
cipitation data are available for no finer time breakdown. Within 
these constraints, the basic tasks involved in applying the model eo a 
particular city are: 
(i) The translation of snowstorms (either historical or syn- 
thetically generatedll) - into records of hourly snow 
accumulations for various assumed levels of remo-val 
capability. (This amounts to determination of I=g(a,y) 
in our earlier notation.) 
(ii) Translation, in turn, of the impact (snow accumulation 
series) into damages by taking account of the effect of 
snow on average speed (and hence costs) of travel, risk 
of traffic accidents, worker absence and disruption of 
shopping plans and commercial traffic activity. D(1) 
(iii) Estimation of the expected value of damages for some 
planning period, say a year, on the basis of the historical 
record of snowfalls in the city.21 
1/ See, for a discussion of synthetic reproduction of time series 
- 
of natural events, M. Me Hufschmidt and M. B. Fiering, Simulation Techniques 
for Water Resource Systems (Cambridge: Harvard University Press, 1966). 
2/ How this is done depends to a great extent on what kind of data 
on storms and damages is used in estimating losses. Below we use fairly 
long historical snowfall records and a nsynthetic" model for generating 
losses attributable to snow accumulations. Thus, we can estimate the annual 
expected loss very simply from the series of annual loss figures our method 
produces. If, on the other hand, losses were estimated on a micro level 
(interviews, traffic measurement, etc.) for a single storm, the estimation of 
expected losses would require us to find the probability function for natural 
events, f(y), In the case of snow fall the necessary function would be 
quite complex because we could not be content with estimating the proportion 
of hours of any winter likely to have snowfall in the range yl to Y2 inches. 
The serial correlation of hourly falls (the storm effect) is extremely im- 
protant in determining damages. 
(iv) Estimation of the annual costs of maintaining and applying 
various levels of removal 'capability. 
This last item raises further difficulties, however, for it is 
quickly obvious in studying snow removal costs and strategies, that many 
decisions which involve incurring costs and reducing damages are short run 
in nature, and while constrained to some extent by longer term choices gf 
equipment levels, chemical stockpiles, etc., are flexible, over a very wide 
vgnge and subject to considerations of uncertainty of a somewhat different 
kind than these longer term decisions. It will be worthwhile to pause and 
consider these two aspects of municipal snow removal more carefully. Longer 
run decisions with respect to snow removal capability generally commit the 
qity to courses of action for one year at a time. Thus, size of truck 
fleets, plow inventories and chemical stockpiles may be increased with 
relatively short lead time (depending on bidding and contracting laws 
and whether or not the equipment desired is standard manufacturers' stock). 
It may be more difficult to reduce the level of resource allocation to snow 
removal in the course of a year simply because markets in second-hand 
equipment are not very well developed. But in any case, equipment lives 
were estimated by interviewed managers to be between 5 and 10 years for 
most of the pieces used in snow removal,:/ so that normal attrition, with 
staggered purchasing, would permit reductions of one tenth to one fifth 
11 Our respondents estimated truck lives to be 5 to 11 years; plows, 
- 
5 years; snow blowers, 10 to 15 years; front end loaders 5 to 10 yeqrs; 
chemical spreaders 5 years; and road graders, 20 years. 
of t h e  i n v e n t o r y  e a c h  y e a r .  Chemica l  s t o c k : p i l e s  may, of  c o u r s e ,  be 
v a r i e d  o v e r  a n  e v e n  s h o r t e r  p e r i o d ,  b u t  c e r t a i n l y  by s i g n i n g  a n n u a l  
s u p p l y  c o n t r a c t s ,  y e a r - t o - y e a r  a d j u s t m e n t  i s  e n t i r e l y  f e a s i b l e .  Commit- 
ment t o  a  g i v e n  l a b o r  f o r c e  s i z e  may be  r e l a t i v e l y  l o n g  t e r m  f o r  equipment  
o p e r a t o r s  and ma in t enance  p e r s o n n a l  because  of u n i o n  c o n t r a c t s  on c i v i l  
s e r v i c e  r u l e s .  (Bu t  t h e  l a b o r e r s  u sed  f o r  downtown s t r e e t  and s i d e w a l k  
c l e a r i n g  c a n  a l m o s t  a lways  be h i r e d  f o r  a  s i n g l e  s t o r m . )  A l l  t h e s e  
d e c i s i o n s  may r e a s o n a b l y  be presumed t o  be made on t h e  b a s i s  of l ong -  
r u n  e x p a r i e n c e  w i t h  s n o w f a l l  i n  t h e  p a r t i c u l a r  c i t y ,  e s p e c i a l l y  w i t h  s i z e  
of h e a v i e s t  r e c o r d e d  h o u r l y  f a l l s  and a c c u m u l a t i o n s  f rom l a r g e s t  r e c o r d e d  
s t o r m s .  These  d e c i s i o n s  f i x  a n  upper  l i m i t  t o  r emova l  c a p a b i l i t y .  
I n  t h e  s h o r t  r u n  t h e  d e c i s i o n  problem i s  e s s e n t i a l l y  one of d e -  
t e r m i n i n g  what  p o r t i o n  of t h e  a v a i l a b l e  snow removal  f o t c e s  w i l l  be r e -  
q u i r e d  f o r  a  p r e d i c t e d  s t o r m  and when t o  m o b i l i z e  and d e p l o y  t h o s e  f o r c e s .  
The w e a t h e r  f o r e c a s t s  upon which  m o b i l i z a t i o n  d e c i s i o n s  a r e  g e n e r a l l y  
based  may unde r  o r  o v e r e s t i m a t e  t h e  amount of  s n o w f a l l  t o  come and may 
unde r  o r  o v e r e s t i m a t e  t h e  t i m e  u n t i l  t h e  b e g i n n i n g  of  t h e  s t o r m .  I f  
m o b i l i z a t i o n  i s  o r d e r e d  and no s t o r m  o c c u r s ,  c o n s i d e r a b l e  "wasted" l a b o r  
c o s t s  w i l l  be i n c u r r e d ;  w h i l e ,  on t h e  o t h e r  hand ,  i f  m o b i l i z a t i o n  i s  t o o  
l i t t l e  o r  t o o  l a t e ,  t h e  combina t ion  of s t o r m  and t r a f f i c  s n a r l s  may p r e v e n t  
t h e  c i t y  f rom e v e r  r e a l l y  " c a t c h i n g  up" and w i l l  g e n e r a l l y  r e s u l t  i n  
much higher damages - and removal costs than would timely action for t h ~  
same storm.l/ This is the classic weather forecast problem as studied by 
Rapp and others at Rand.21 - An empirical study would require not only extensive 
information about costs of mobilization and damages from late or insufficient 
efg~rts, but more importantly, data on historical forecasting aspuagcy bpth 
as t o  timing and rate of snowfall. We did not feel able to undertakq such 
a study with our limited manpower, time and funds, and in the empirical appli- 
cation below we concentrate on the long-run problem. But before going on to 
d$scuss this quantitative work, we turn to a more detailed discussion of the . 
range of adjustments open to responsible parties in city governments. 
1/ The most famous recent case in point is the New York City disruption 
~f 9-14 February 1969. That 15-inch storm, beginning on a Sunday, the 9th, 
resulted in chaos on Monday and the city was still digging itself out by 
Friday, the 14th. The major causes were generally conceded to be the 6-hour 
delay in imposing snow emergency conditions on traffic in the metropolitan 
area and the delay in removal-crew mobilization occasioned by a bureaucra- 
tic foul up. Contributing to the problem was an attempt by the financial 
district to open on Monday even though by then the entire area wgs hope- 
Jessly snarled. 
On the next weekend, predictions for a second storm produced very rapid 
mobilization but proved to be wrong--at a cost of about $250,000. 
2/ See, for example, R.R. Rapp and R.E, Huschke, "Weather Information: 
Tts uses, Actual and Potential," Memorandum RM-4083-USWB, May 1964, Rand Cor- 
poration, Santa Monica, California. This problem was attacked on a simpler 
level, but with specific reference to snowfall, by J.C. Thompson of the 
IJ.8. Wqather Bureau: "The Snowfall Probability Factor," The American City, 
December 1959, pp. 80-88. Unfortunately Thompson's numbers were all purely 
for illustrative purposes. See also, Robert E. Helbush, "Linear Prograwing 
Applied to Operational Decision Making in Weather Risk Situations," Monthly 
Weather Review, March 1969, Vol. 46, No. 12, pp. 876-882. 
CHAPTER 3 
RANGE OF ADJUSTMENTS 
John  Rooney 
R e s i d e n t s  of t h e  Nor the rn  United S t a t e s  g e n e r a l l y  have s t r o n g  o p i n i o n s  
abou t  snow and i c e .  Many have equipped themselves  w i t h  snow g e a r ,  such  
a s  s h o v e l s ,  snow t i r e s  and c h a i n s ,  brooms, l u g s ,  o r  of l a t e ,  automated 
snow blowers .  V i r t u a l l y  a l l  have complained a t  one t ime  or a a o t h e r  abou t  
t h e  q u a l i t y  of t h e  p u b l i c  e f f o r t  t o  cope w i t h  snow, bu t  few have any n o t i o n  
of t h e i r  monetary c o n t r i b u t i o n  t o  t h e  e f f o r t .  Some have even f l e d  t o  snow- 
l e s s  C a l i f o r n i a ,  F l o r i d a ,  o r  t h e  Southwest .  
I f  we can  view t h e  c u r r e n t  s t a t u s  of snow c o n t r o l  3s  be ing  i n d i c a t i v e  
of p u b l i c  concern  f o r  t h e  problem, we must conclude t h a t  t h e  snow hazard  is 
more i:nsgi ned t h a n  r e a l .  For g e n e r a l l y  speak ing  we a r e  s t i l l  cop ing  w i t h  
snow and i c e  i n  t h e  same manner t h a t  was c h a r a c t e r i s t i c , 5 0  y e a r s  ago. 
Granted,  t h e r e  have been new t e c h n o l o g i c a l  developments,  such a s  snow 
m e l t e r s ,  r a d i a n t l y  hea ted  pavement, b lowers ,  and e x c e p t  f o r  chemica l s ,  
t h e i r  a d o p t i o n  has  been ex t remely  l i m i t e d .  And o n l y  r e c e n t l y  have con- 
c e r t e d  a t t e m p t s  been made t o  a l t e r  p u b l i c  behavior  under s e v e r e  snow 
c o n d i t i o n s .  
I t  i s  t h e  purpose of t h i s  c h a p t e r  t o  a s s e s s  t h e  c u r r e n t  s t a t e  of 
t h e  a r t  i n  t h e  United S t a t e s  and t o  examine t h e  r a t i o n a l e  on which snow 
c o n t r o l  programs a r e  based. The range  of c h o i c e  concern ing  new program 
p o s s i b i l i t i e s  w i l l  a l s o  be ana lyzed .  
Cur ren t  Programs 
There  a r e  s e v e r a l  publ ished e s t i m a t e s  of t h e  annua l  p u b l i c  c o s t s  f o r  
snow and i c e  c o n t r o l .  The American P u b l i c  Works A s s o c i a t i o n  has  c i t e d  
t h e  f i g u r e  of $100 m i l l i o n  per y e a r ,  but  c o n s i d e r s  t h i s  t o  be ex t remely  
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Program Desc r ip t i on  
A s  expec ted ,  t h e r e  was a  g r e a t  d e a l  of s i m i l a r i t y  among programs. Most 
ad jus tments  can be ca t ego r i zed  a s  an t i qua t ed  defense  maneuvers w i t h  a  b i a s  
toward t h e  t e chno log i ca l  mass a t t a c k  phi losophy;  a b r a s i v e s  and chemicals 
app l i ed  t o  i c y  s u r f a c e s ,  plowing a f t e r  a  given dep th  i s  reached,  removal 
from c e n t r a l  a r e a s  and d e p o s i t i o n  i n  l e s s  crowded a r e a s .  A few c i t i e s  
have gone beyond t h e  t r a d i t i o n a l  plows, g r ade r s ,  and t r u c k s ,  and have 
opted f o r  more s o p h i s t i c a t e d  appara tus  such a s  snow me l t e r s  and blowers. 
Data provided by t h e  Thermal Corpora t ion  demonstra tes  t h a t  adopt ion  of 
me l t e r s  has  thus  f a r  been minimal, even though a  s t r o n g  ca se  can be made 
f o r  t h e i r  long run  p r o f i t a b i l i t y . l /  Radiant  heated s t r e e t s  and i n t e r s e c t i o n s  
have only been i n s t a l l e d  i n  t h r e e  of t h e  responding communities. 
The l a s t  s e v e r a l  yea r s  have witnessed comparat ively  g r e a t e r  advance- 
ment on t h e  behav iora l  f r o n t .  The ma jo r i t y  of communities now have 
ord inances  which r e q u i r e  c e r t a i n  a c t i o n s  t o  be t aken  under snow emergency 
cond i t i ons .  R e s t r i c t i o n s  a r e  commonly placed on parking,  and many c i t i e s  
have des igna ted  snow emergency rou tes .21  
U t i l i z a t i o n  of snow t i r e s ,  l u g s ,  and cha ins  a r e  encouraged and i n  
some s i t u a t i o n s  r equ i r ed .  Ea r ly  d i s m i s s a l  of pub l ic  s e c t o r  employees and 
p r e s su re  f o r  s i m i l a r  a c t i o n  r ega rd ing  p r i v a t e  workers i s  a l s o  exemplary 
of t h i s  t r end .  
Expendi tures  
Based on t h e  survey d a t a ,  per c a p i t a  expendi tu res  range from l e s s  than  
t e n  c e n t s  i n  a  number of Southern c i t i e s ,  t o  a  h igh  of $24 a t  Holland, 
11 T.E. Euc i e r ,  "High Speed Snow Removal , I t  The American C i ty ,  
( ~ e ~ t e m b e r  1968) pp. 104-108. 
21 For a  thorough d i s c u s s i o n  of snow a r t e r i e s  s ee :  "The Problem 
of t h e  Parked Car," Pub l i c  Works, (August 1964) pp. 78-80. 
Michigan. I t  i s  l i k e l y  t h a t  t h e  Holland f i g u r e  r e f l e c t s  an  a t y p i c a l  yea r ,  
but t h e r e  a r e  s e v e r a l  places  i n  t h e  $5 t o  $15 bracket  (Table 3-1).  4 qpsual 
a n a l y s i s  of t h e  expendi ture  d a t a  sugges ts  t h a t  they  a r e  rough e s t ima te s  a t  
bes t .  The extreme v a r i a t i o n s  between communities wi th  comparable ecqgomic 
bases and snow environments must i n  p a r t  be a  func t ion  of d i f f e r e n t  ac- 
counting systems. Waukegon, I l l i n o i s  ($3.23) and Racine, Wisconsin ($0.87) 
a r e  i n d i c a t i v e  of t h i s  problem. A comparison of t h e  New Jersey  c ~ n C i n g ~ n t  
rq in fo rces  the  d i f f i c u l t y  of assembling r e l i a b l e  estimates of e x p a n d i t y r ~ s .  
Organizat ion 
One measure of a  cammunity's snow con t ro l  o rgan iza t ion  i s  t h e  snow 
plan.  The ex i s t ence  of a  w r i t t e n  plan gene ra l l y  coincides  wi th  a  bighqr 
l e v e l  of o rganiza t ion  o r  a t  l e a s t  sugges ts  t h a t  t h e  c i t y  i s  s e r i o u s  about 
i t s  snow f i g h t i n g  e f f o r t .  Of t h e  responding communities, one ha l f  claimed 
t o  have a  w r i t t e n  plan (Figure 3-1). C i t i e s  wi th  g r e a t e r  hazard c e r t a i n l y  
' 
were more a p t  t o  have plans than those  i n  t r a n s i t i o n a l  o r  low snowfal l  
a r e a s ,  but t h e  c o r r e l a t i o n  was s u p r i s i n g l y  weak. Less than one ha16 of 
the  Missouri ,  I l l i n o i s ,  Ind iana ,  and New York s i t e s  had plans.  On t h e  
o the r  hand, most of t he  c i t i e s  across  t h e  snowbelt from Wisconsin t o  New 
J e r s e y  claim t o  u t i l i z e  w r i t t e n  programs. 
I n  recent  years  g r e a t e r  emphasis has been placed on hazard p lanning . l /  
Sanding, s a l t i n g ,  and plowing rou t e s  have been c a r e f u l l y  i d e n t i f i e d  and 
r e s p o n s i b i l i t i e s  f o r  d i f f e r e n t  s e c t i o n s  of t h e  c i t y  have been assigned.  
S t r a t egy  has been l abo r ious ly  designed t o  cope wi th  numerous cont ingencies  
w i th in  t he  c o n s t r a i n t s  of t he  p re sen t ly  adopted technologica l  capabi l iCies .  
The r e s u l t  has been a  general  upgrading of snow c o n t r o l ;  a  maximization of 
1/ A survey of t h e  l i t e r a t u r e  pe r t a in ing  t o  snow c o n t r o l  i n  The American 
- 
Ci ty ,  and Publ ic  Works po in ts  out a  t rend  away from the  emphasis on var ious  
types of snow equipment i n  favor  of planning and organiza t ion .  

e f f o r t  cons ider ing  t h e  i nhe ren t  d e f e c t s  of t he  system. 
Implementation 
The na tu re  and goa ls  of snow con t ro l  vary throughout t h e  United S t a t e s .  
Nost snow con t ro l  i s  comprised of sanding or  s a l t i n g ,  plowing, and removal. 
Qnly t he  degree of emphasis, t iming,  and e f f i c i e n c y  vary. The d e c l a r a t i o n  
of snow emergencies, and the  depth a t  which plowing begins a r e  i l l u s t r a t i v e  
of t h i s  geographic v a r i a t i o n .  The snow emergency i s  now common i n  a41 
reg ions .  I t  c o n s i s t s  b a s i c a l l y  of an  a l e r t  system involv ing  t h e  publ ic ,  
po l i ce ,  snow con t ro l  personnel ,  and the  broadcast ing media. The a l e r t  
i s  t r i gge red  by an accumulation of a  given magnitude (t$sually tyo  o r  t h r e e  
inches)  o r  the  t h r e a t  of a  r e a l l y  s e r i o u s  storm. I n  most c i t i e s ,  r e s t r i c t i o n s  
on parking and t r a v e l  rou t e s  a r e  au toma t i ca l l y  invoked when t h e  emergency 
i s  dec la red .  However, i n  many urban a r e a s  t h e  emergency i s  given l i t t l e  
more than l i p  s e r v i c e  wi th  in te ragency  cooperat ion and code enforcement a t  
a  minimum. 
The e f f e c t i v e n e s s  of snow con t ro l  can be roughly measured by a  
s p a t i a l  comparison of t he  depths a t  which plowing opera t ions  begin (F igure  
3-2) .  Here t h e  p a t t e r n  i s  very c l e a r .  V i r t u a l l y  a l l  c i t i e s  i n  t h e  Northern 
t i e r  of s t a t e s  commence opera t ions  a t  depths  of t h r e e  inches or  l e s s .  Some 
of t he  Northern communities wai t  u n t i l  f ou r  t o  seven inches have accumu- 
l a t e d ,  a s  do the  ma jo r i t y  of c i t i e s  around t h e  Ohio Valley. Most of t h e  
Southern respondents postpone a c t i o n  u n t i l  t he  snow has ceased. This i s  
a l s o  t r u e  i n  the  West and Rocky Mountain a r e a  where plowing t h e  d ry ,  blow- 
i n g  snow has been proven i n e f f e c t i v e . l /  
1/ For a  d i s cus s ion  of t h i s  see :  John F. Rooney, "The Urban Snow 
~ a z a r z  i n  t he  United S t a t e s ,  an Appra isa l  of Dis rupt ion ,"  The Geographic 
Review, LVII, (October 1967) pp. 538-559. 

A b e t t e r  i n d i c a t o r  of program magnitude i s  t h e  pe rcen tage  of s t r e e t s  
which a r e  plowed.l /  Again we s e e  t h a t  complete c lean-up  i s  t h e  goa l  i n  
t h e  North  ( F i g u r e  3 - 3 ) .  Throughout t h e  lower Midwest a  20 t o  60 percep t  
job  i s  s a t i s f a c t o r y .  And i n  many communities on ly  t h e  main a r t e r i e s  a r e  
t r e a t e d .  
Plowing s t r a t e g y  i s  t o  some e x t e n t  a  f u n c t i o n  of p o s t - s t ~ r m  weathey 
e x p e c t a t i o n s .  Where snow i s  t y p i c a l l y  followed by long  s t r e t c h e s  of cold  
weather  i t  i s  necessa ry  t o  c l e a r  a l l  s t r e e t s .  Hence, t h e  s t r a t e g y  i n  t h e  
North  i s  a  long term one a s  opposed t o  t h e  s h o r t  term emergency measures 
i n  lower snowfa l l  a r e a s .  And i t  i s  when t h e  co ld  l i n g e r s  a f t e r  t h e  sqow 
i n  p l a c e s  l i k e  Tennessee and V i r g i n i a ,  t h a t  t h e  r e a l l y  s e r i o u s  prolonged 
d i s r u p t i o n s  o c c u r . l /  
I n t e r a g e n c y  and I n t e r u r b a n  Cooperat ion 
One g l a r i n g  weakness throughout  most of t h e  coun t ry  i s  t h e  l a c k  of 
' i n t e r a g e n c y  and i n t e r u r b a n  coopera t ion .  Grea te r  r e l i a n c e  on behav iora l  
a l t e r n a t i v e s  such a s  pa rk ing ,  snow a r t e r y ,  and v e h i c l e  r e s t r i c t i o n s  make 
enforcement v i t a l  t o  t h e  s u c c e s s  of snow c o n t r o l  o p e r a t i o n s .  Yet i n  many 
of t h e  responding c i t i e s  r e f e r e n c e  was made t o  poor enforcement of r e s t r i c -  
t i o n s .  I l l e g a l l y  parked v e h i c l e s  were t i c k e t e d  bu t  n o t  towed away a s  t h e  
1/ The responses  concerning s t r e e t  plowing must be viewed w i t h  some 
- 
s k e p t i c i s m .  Many c i t i e s  c la im 100 p e r c e n t  coverage,  a n  improbable f i g u r e  
c o n s i d e r i n g  t h e i r  r e p o r t e d  expendi tu res .  The range  i n  Connec t icu t  was from 
23 p e r c e n t  t o  100 p e r c e n t ,  i n  Iowa and Michigan from 20 percen t  bo 100 per-  
c e n t ,  and i n  Ohio from 7 pe rcen t  i n  Youngstown t o  100 percen t  i n  Columbus. 
Per  c a p i t a  o u t l a y s  were twice  as g r e a t  i n  Youngstown. 
2/  For a d i s c u s s i o n  of t h e  s e v e r i t y  of d i s r u p t i o n  i n  low snowfa l l  
- 
a r e a s ,  s e e :  John F. Rooney, "The Economic I m p l i c a t i o n s  of Snow and !Icet' 
i n  Richard Chorley,  e d . ,  Water, E a r t h  and Man, Toronto ,  Methuen, 1969, 
o r  , " ~ e t  ' s  Be O b j e c t i v e  About Snow Cont ro l , "  American C i t v ,  V Q ~ .  
84, (October 1969) pp. 106-112. 
n No data 
Figure 3-3 
law r e q u i r e d .  I n  many c a s e s  m o t o r i s t s  s t a l l e d  on snow r o u t e s  were n o t  
i s s u e d  c i t a t i o n s  a s  should  have been t h e  c a s e  a c c o r d i n g  t o  t h e  snow 
ord inance .  Rapid C i t y ,  South  Dakota i s  i n d i c a t i v e  of t h e  problem. The 
community has  a w r i t t e n  snow p l a n  c a l l i n g  f o r  v a r i o u s  parking r e s t r i c t i o n s .  
These r e s t r i c t i o n s  however a r e  l a r g e l y  ignored  by t h e  populace becasge 
t h e y  have never been v i g o r o u s l y  enforced by t h e  p o l i c e  depar tment ,  tbuw 
impeding t h e  e f f e c t i v e n e s s  of t h e  snow program. 
I n t e r c i t y  c o o r d i n a t i o n  i s  perhaps t h e  most c r u c i a l ~ e l e m e n t  where 
r e g i o n a l  snow c o n t r o l  i s  concerned.  The m a j o r i t y  (102 of 149 respondtng 
t o  t h e  q u e s t i o n )  of c i t i e s  q u e r i e d  s t a t e d  t h a t  t h e y  d i d  c o o r d i p a t e  t h e i r  
Programs w i t h  t h o s e  of neighbor ing communities. However, a  s i g n i f i c a n t  
p r o p o r t i o n  of t h e  l a r g e  c e n t r a l  c i t i e s  f a i l e d  t o  c o o r d i n a t e  w i t h  su r rounding  
suburbs .  I n  f a c t ,  many c i t i e s  were i n  a c t i v e  compet i t ion  w i t h  su r rounding  
urban a r e a s .  I t  i s  d i f f i c u l t  t o  s a y  whether  t h i s  produces b e t t e r  o r  poorer  
l e v e l s  of r e g i o n a l  snow c o n t r o l .  Communities i n  t h e  Norfolk ,  V i r g i n i a  a r e a  
b e l i e v e  t h a t  compet i t ion  has  r e s u l t e d  i n  program improvement. Such competi- 
t i o n  may a c t u a l l y  r a i s e  t h e  l e v e l  of snow c o n t r o l  i n  same i n s t a n c e s ,  but 
i t  cannot  be den ied  t h a t  some degree  of c o o r d i n a t i o n  (perhqps  coord ina ted  
competi t ion)would be more b e n e f i c i a l .  
Assumptions Upon Which Snow Cont ro l  I s  Based 
Knowledge of t h e  snow environment i s  a l l  t o o  meager, even i n  some of 
gur l a r g e s t  m e t r o p o l i t a n  a r e a s .  Most managers a r e  i g n o r a n t  o r  on ly  vaguely  
aware r e g a r d i n g  t h e  probable  occur rance  of snow of v a r i o u s  magnitudes i n  
t h e i r  c i t i e s .  Terms such  a s  a  f i v e  o r  t e n  y e a r  s to rm a r e  f o r e i g n  t~ m w t  
p u b l i c  works o f f i c i a l s ,  who p r e f e r  t o  e v a l u a t e  t h e  hazard by t h e  number of 
t imes  they  expec t  t o  plow, aadd, o r  s a l t  each year .  T h e i r  budgets  a r e  
g e n e r a l l y  i n f l e x i b l e  and l i k e  most municipal  e x p e n d i t u r e s  a r e  geared t o  
p a s t  exper iences .  Few c i t i e s  have a t t empted  t o  e v a l u a t e  snow e x p e n d i t u r e s  
from even t h e  s i m p l e s t  c o s t - b e n e f i t  framework. 
Managerial  knowledge of annual  snowfa l l  i s  meager. Many of t h e  
responden ts  were i n  e r r o r  by 25 percen t  o r  more i n  e s t i m a t i n g  annua l  snow- 
f a l l  i n  t h e i r  c i t i e s .  But perhaps t h i s  f i g u r e  i s  of l i t t l e  s i g n i f i c a n c e  
when compared t o  s to rm frequency and s to rm s e v e r i t y  e x p e c t a t i o n s .  
Expec ta t ions  
We asked t h e  snow c o n t r o l  o f f i c i a l s  t o  comment on t h e  types  of hazard 
c o n d i t i o n s  they  expected and on t h o s e  w i t h  which t h e y  could n o t  combat 
e f f e c t i v e l y .  They were a l s o  asked about  t h e  t y p e  of s torms which presented 
t h e  g r e a t e r  d i f f i c u l t y .  
Severe  s to rm e x p e c t a t i o n  v a r i e s  markedly throughout  t h e  Snowbelt ( F i g u r e  
3-4) .  A number of t h e  managers from communities i n  heavy snow s e c t i o n s  such 
a s  Minnesota,  Wisconsin,  Northern I l l i n o i s ,  I n d i a n a ,  ~ h i o ,  New York, and 
Massachuset ts  s a i d  t h e y  expected s to rm accumulat ions  of l e s s  t h a n  t e n  
i n c h e s .  I n  Connec t icu t  a n t i c i p a t e d  l e v e l s  ranged from e i g h t  t o  n e a r l y  
t h i r t y  i n c h e s .  Throughout t h e  t r a n s i t i o n a l  snowfa l l  zone of t h e  South 
C e n t r a l  United S t a t e s ,  t h e r e  i s  l i t t l e  p a t t e r n ,  A s i m i l a r  s i t u a t i o n  char -  
a c t e r i z e s  t h e  P l a i n s  and t h e  Northwest.  It i s  i n  t h e s e  t r a n s i t i o n a l  a r e a s  
where exper iences  of t h e  immediate p a s t  ( t h e  l a s t  few w i n t e r s )  govern know- 
l edge  and behavior  r e l a t i v e  t o  snowfa l l .  These environments of g r e a t e s t  
u n c e r t a i n t y  a l s o  p rov ide  t h e  most d i f f i c u l t  c h a l l e n g e s  f o r  d e c i s i o n  makers. 
And a s  s t a t e d  e a r l i e r ,  most of them have adopted "hope and pray" s t r a t e g i e s .  
A b l i z z a r d  was accorded t h e  h i g h e s t  d i s r u p t i o n  r a t i n g  by snow o f f i c i a l s  
from a l l  s e c t i o n s  of t h e  coun t ry  (Table  3-2) .  S t r u g g l i n g  w i t h  blowing snow 
was cons idered  t h e  most s e r i o u s  c h a l l e n g e  t o  keeping t r a n s p o r t a t i o n  a r t e r i e s  
open, p a r t i c u l a r l y  i n  a r e a s  where success  was based on plowing and removing 

snow, i . e . ,  t h e  N o r t h e a s t e r n  and Midwestern s i t e s .  Although b l i z z a r d  con- 
d i t i o n s  a r e  n o t  o f f i c i a l l y  recognized by t h e  United S t a t e s  Weather Bureau 
u n t i l  average  wind speeds  r e a c h  35 m i l e s  per hour ,  added d i s r u p t i o n  begins  
t o  deve lop  w i t h  winds of 10-15 m i l e s  per h o u r . l /  
A p rev ious  s t u d y  demonstrated t h e  e f f e c t  of wind speed i n  promoting 
d i s r u p t i o n  a t  s i x  s t u d y  s i t e s . 2 1  On t h e  s t r e e t  i n t e r v i e w s  a l s o  complemented 
t h e  a t t i t u d e s  of t h e  managers concerning t h e  s e v e r i t y  of t h e  b l i z z a r d  problem. 1 
I 
Snow and i c e  s torms were a l s o  considered a s e r i o u s  problem by t h e  
municipal  r esponden ts .  P r o p o r t i o n a t e l y  t h e  g r e a t e s t  concern f o r  t h e s e  was I 
voiced i n  t h e  E a s t ,  p a r t i c u l a r l y  i n  a n  a r e a  from V i r g i n i a  southward. Again 
l i k e  t h e  b l i z z a r d ,  most snow c o n t r o l  programs a r e  n o t  geared t o  e f f e c t i v e l y  
i 
I 
combat a n y t h i n g  but  pure ,  s t a b l e  snow. Thick i c e  does  n o t  respond r e a d i l y  \ 
t o  s a l t i n g ,  nor  does  blowing snow t o  plowing. Thus, most programs break 
down when conf ron ted  w i t h  e i t h e r  of t h e s e  c o n d i t i o n s  w i t h  t h e  r e s u l t  -- 
s e v e r e  d i s r u p t i o n .  
I 
S e v e r a l  of t h e  responden ts  c i t e d  abandoned c a r s  o r  equipment malfunc- 1 
t i o n s  a s  t h e i r  most s e r i o u s  problem. The former a r e  c e r t a i n l y  a f u n c t i o n  I 
of b l i z z a r d  c o n d i t i o n s ,  snow and i c e  combinat ions ,  o r  extreme c o l d ,  and I 
must be e v a l u a t e d  a s  such.  However t h e  p resense  of abandoned v e h i c l e s  
s u g g e s t s  poor o r g a n i z a t i o n  and a h i g h  dependence on t e c h n o l o g i c a l  s o l u t i o n s ,  
r a t h e r  t h a n  b e h a v i o r a l  ones ,  a f a c t  which i n  l a r g e  measure i l l u s t r a t e s  t h e  
b a s i c  weakness of snow c o n t r o l .  i 
Recent Improvements and Innova t ions  
The l a s t  decade has  wi tnessed  a n  i n c r e a s e d  emphasis on planning and 
o r g a n i z a t i o n .  The American C i t y ,  which must be regarded a s  t h e  forum f o r  
1/ The e f f e c t  of wind speed i s  dependent on t h e  mois tu re  c o n t e n t  of 
- 
t h e  snow, topography, and t h e  type of s t r u c t u r e s  a l o n g  t h e  r o u t e s  of q u e s t i o n .  
21 For  a d e t a i l e d  d i s c u s s i o n  s e e :  Rooney, op. c i t . ,  pp. 551-554. 
- 
t hose  involved w i th  urban snow problems i n  North America, has  pubAj.~hed over 
170 a r t i c l e s  on t h e  s u b j e c t  s i n c e  1960. The bulk of them have been of f h e  
ca se  s t u d y  type  d e s c r i b i n g  t h e  p lan  of a t t a c k  i n  such p laces  a$  Pyairq  V i l l age ,  
Kansas; Moscow, Idaho;  and Oshkosh, Wisconsin. It i s  pos s ib l e ,  however, t o  
c a t e g o r i z e  t he se  s t u d i e s  by t o p i c  such as p lann ing ,  equipment,  t echn iques ,  
c o s t s ,  pub l ic  behavior ,  and inven tory .  I n  s o  do ing  a  t r end  f r o p  lq64 t o  
t h e  p r e sen t  i s  f a i n t l y  d i s c e r n i b l e .  Concern has  g e n e r a l l y  moved from equip-  
ment t o  planning,  t o  pub l i c  behavior ,  and back t o  equipment aga in .  
Apparent ly  t h i s  r e f l e c t s  some b a s i c  changes which have occured.  $'Ian- 
ning i s  now a n  i n t e g r a l  p a r t  of a l l  t h e  b e t t e r  programs. Vosf of the qpm- . 
muni t ies  w i t h  b e t t e r  programs have a l s o  i n s t i t u t e d  r e g u l a t i o n s  which govern 
behavior r e l a t i v e  t o  parking,  automotive equipment ( t i r e s  and cha in s ) ,  
shove l ing ,  and p a t t e r n s  of movement (snow r o u t e s ) .  With t h i s  e s t a b l i s h e d ,  
t h e  t r end  has r e v e r t e d  t o  a pre-occupat ion w i t h  equipment. Severa l  r e cen t  
' a r t i c l e s  have d e a l t  w i t h  snow me l t i ng  dev i ce s  and t h e i r  adop t i on  by a number 
of snow b e l t  c i t i e s .  The use  of s idewalk  plows and snow blowers has  a l s o  
been g iven  coverage,  and r e f e r e n c e  has even been made t o  the rmql ly  heated 
t r a n s p o r t a t i o n  r o u t e s .  The f a c t  remains though t h a t  t h e  v a s t  ma jo r i t y  gf 
a r t i c l e s  have in t roduced  very l i t t l e  i n  t h e  way of new approaches t o  s o l v i n g  
t h e  snow problem. 
What Are t h e  P o s s i b i l i t i e s  
Notably absen t  from t h e  l i t e r a t u r e  a r e  r e f e r e n c e s  t o  t he  ex t ens ive  use  
of weather  mod i f i c a t i on ,  r a d i a n t l y  heated s t r e e t s ,  emergency snow v e h i c l e s ,  
o r  t he  d e c l a r a t i o n  of "snow f e s t s " .  
Weather Modifications--Most of t h e  r e s e a r c h  i n  weather mod i f i c a t i on  has 
cen te red  on t r i g g e r i n g  p r e c i p i t a t i o n  through var ious  cloud seed ing  ope ra t i ons .  
Conversely some work has been done on p r e c i p i t a t i o n  r e p r e s s i o n ,  p a r t i c u l a r l y  
over l e e s i d e  l a k e  l o c a t i o n s .  The snow c o n t r o l  l i t e r a t u r e  i n d i c a t e s  l i t t l e  
-. 
i n t e r e s t  i n  wea the r  m o d i f i c a t i o n  a s  a  p o t e n t i a l  hope f o r  t h e  f u t u r e .  Nor 
has  t h e  North  America Snow Conference g iven  more t h a n  c u r s o r y  a t t e n t i o n  t o  
t h i s  a l t e r n a t i v e .  
Although wea the r  m o d i f i c a t i o n  i s  a n  i n e x a c t  a r t  a t  t h e  p r e s e n t  t i m e ,  
i t  would seem t h a t  f a r  s i g h t e d  snow c o n t r o l  p l a n n e r s  would be w e l l  adv i sed  
t o  c o n s i d e r  t h e  p o s s i b i l i t i e s ,  a s  w e l l  a s  t h e  s o c i a l  and economic impacts  
a s s o c i a t e d  w i t h  them.l.J 
Rad ian t  H e a t - - I n f r a r e d  overhead l i g h t i n g  and r a d i a n t  h e a t i n g  would appear  
t o  p rov ide  a n  answer f o r  some snowbelt  c i t i e s ,  p a r t i c u l a r l y  f o r  h i l l y  thorough- 
f a r e s  and i n t e r s e c t i o n s .  S e v e r a l  c i t i e s  have exp lo red  t h e  c o s t s  of t h e s e  
i n n o v a t i o n s ,  bu t  have chosen n o t  t o  a d o p t ,  o r  have t a b l e d  t h e  d e c i s i o n .  
Perhaps t h e  major  d i f f i c u l t y  f a c i n g  t h e  a d o p t i o n  of advanced snow c o n t r o l  
technology i s  t h e  p a u c i t y  of knowledge concern ing  t h e  damage which occurs  
from snow and i c e .  
Emergency equipment--With t h e  r a p i d  expansion of  t h e  snowmobile i n d u s t r y  
s i n c e  1963, i t  would be on ly  a  s h o r t  t e c h n o l o g i c a l  s t e p  t o  t h e  d e s i g n  of 
l a r g e r  snow v e h i c l e s  f o r  emergency u s e  i n  c i t i e s .  Veh ic les  could  be con- 
s t r u c t e d  f o r  u s e  by p o l i c e ,  f i r e ,  and u t i l i t y  depar tments .  These machines 
would be p a r t i c u l a r l y  impor tan t  i n  a r e a s  p o s s e s s i n g  minimum snow c o n t r o l  
c a p a b i l i t i e s .  
Snowfests--To many Americans, t h e  snowfest  would probably  be a  r a t h e r  
u n a t t r a c t i v e  a l t e r n a t i v e  e s p e c i a l l y  t o  a  s o c i e t y  t h a t  p r i d e s  i t s e l f  a s  
n a t u r e ' s  mas te r .  ~ n o w f e s t ' s  would amount t o  a  d e c l a r a t i o n  of a  c i t y  h o l i d a y  
i n  r esponse  t o  a  predetermined magnitude of snow. The amount r e q u i r e d  i n  t h e  
South  would be s m a l l ,  whereas throughout  t h e  Snowbelt ,  t h o s e  c o n d i t i o n s  w i t h  
1/ For  a  d i s c u s s i o n  of some of t h e  p o t e n t i a l  economic and s o c i a l  impacts  - 
of weather  m o d i f i c a t i o n  s e e :  Der ick  Sewel l  e t .  a l . ,  Human Dimensions of 
Weather M o d i f i c a t i o n ,  Chicago,  U n i v e r s i t y  of Chicago P r e s s ,  1966. 
which p r e s e n t  programs could not  hand le  would q u a l i f y .  Severe  i c e  s torms 
and b l i z z a r d s  would s u f f i c e  i n  most i n s t a n c e s .  
Throughout much of t h e  Sou theas t  a  modif ied form of snowfest  occurs  w i t h  
each major snowfa l l  o r  i c e  s torm.  Schools a r e  c losed  i n  some cases  j u s t  i n  
response  t o  a  s to rm f o r e c a s t .  R e t a i l  o u t l e t s  and f a c t o r i e s  a l s o  s h u t  down 
w i t h  r e l a t i v e l y  smal l  accumulat ions .  During w i n t e r s  w i t h  only  one o r  vpg 
snows, t h e  p r e s s  o f t e n  d e s c r i b e s  t h e  chaos i n  p o s i t i v e  o r  h o l i d a y  l i k e  
terminology. But even i n  t h e  South t h e r e  a r e  a  few who t r y  and bg t f i l e  t h e  
e lements .  
The snowfest  could work w e l l ,  g iven  s o c i e t a l  accep tance  and fhe p ~ o v i s i o n  
of v e h i c l e s  t o  cover t r u e  emergency s i t u a t i o n s .  Snowbelt c i t i e s  w o ~ ~ d  yndoubt- 
e d l y  recover  f a s t e r  from t h e  f i v e  and t e n  y e a r  s torms i f  a  moratorium on t r a v e l  
was d e c l a r e d  a t  t h e  o u t s e t  of t h e  s t o r m . l /  Based on p a s t  snow p a t t e r n s ,  
Northern c i t i e s  would average  on ly  one snowfest  per year .  However, any given 
i' 
y e a r  could c o n t a i n  t h r e e  o r  f o u r  such  e v e n t s .  A s i m i l a r  p a t t e r n  would hold  
t r u e  f o r  t h e  South. 
Although i t  i s  u n l i k e l y  t h a t  t h e  snowfest  ad jus tment  w i l l  ggin ~ a p $ , d  
accep tance ,  from t h e  s t a n d p o i n t  of s o c i a l ,  economic, and a e s t h e t i c  cons id -  
e r a t i o n s  i t  could be t h e  most r e a l i s t i c  a l t e r n a t i v e .  
The Snowfest would be a  n a t u r a l  adjus tment  i n  l i g h t  of our a e s t h e t i c  
a t t r a c t i o n  t o  snow. Our unwi l l ingness  t o  wage a n  a l l  o u t  war on t h e  snow 
hazard i s  l i k e l y  a  f u n c t i o n  of our p o s i t i v e  a s s o c i a t i o n  w i t h  i t .  The b e p e f i t s  
of snow a r e  a s  d i f f i c u l t  t o  de te rmine  a s  t h e  n e g a t i v e  impact.  How much i s  a  
White Chris tmas worth ,  o r  a  d r a b  w i n t e r  landscape r e v i t a l i z e d  by a b lanke t  of 
1/ It could be argued t h a t  t h e  impact of s e v e r a l  of t h e  monumental 
s t o r m s  of r e c e n t  y e a r s  i n  Chicage and New York could have been s u b s t q n t j . a l l y  
l e ssened  i f  such a c t i o n  had been taken.  For  much of t h e  c leanup d i f f i c u l t i e s  
were r e l a t e d  t o  t h e  presense  of abandoned v e h i c l e s  on major a r t e r i e s  through 
t h e  a r e a s .  
w h i t e .  I n  t h o s e  a r e a s  where prolonged snow-cover i s  common ( F i n l a n d ,  Quebec,  
Nor the rn  New England) w i n t e r  seems t o  assurne a  s p e c i a l  meaning, w i t h  t h e  
p a t t e r n  of l i f e  be ing  d i s t i n c t  from o t h e r  p a r t s  of t h e  w o r l d . l /  
The p r e s e n t  r ange  of ad jus tment  i n  North America i s  f a i r l y  narrow w i t h  
s t r a t e g y  g e n e r a l l y  emphasizing t h e  u s e  of l a r g e  amounts of l~orsepower .  I n  
e s s e n s e  t h e  p a s t  50 y e a r s  have wi tnessed  t h e  replacement  of h o r s e s  by machines 
combined, w i t h  a  f e e b l e  a t t e m p t  toward a l t e r i n g  behav io r .  The p o s s i b i l i t i e s  
f o r  advancement a r e  g r e a t  i f  only  t h e  a l t e r n a t i v e s  w i l l  be r e a l i s t i c a l l y  
e v a l u a t e d .  
1/ For  a n  e x c e l l e n t  d i s c u s s i o n  of t h e  c u l t u r a l  meaning of w i n t e r  s e e :  
- 
W.R. Mead and H. Smeds, Winter i n  F i n l a n d ,  London, Hugh Evelyn,  1967. 
i TABLE 3 -1  
PER CAPITA EXPENDITURES FOR SNOW CONTROL AT SELECTED CITIES 
i 
i Area  C i t y  
Pe r  C a p i t a  
T o t a l  E x p e n d i t u r e s  Annual  Snowfa l l  
E x p e n d i t u r e s  1968-1969 (Managers E s t i m a t e )  
Nor t h e a s  t Greenwich,  Conn. 
New B r i t a i n ,  Conn. 
Hamden, Conn. 
Auburn,  Maine 
Lawrence ,  Mass. 
Newton, Mass. 
Q u i n c y ,  Mass. 
E l i z a b e t h ,  N. J .  
T r e n t o n ,  N.J. 
B u f f a l o ,  N. Y .  
S y r a c u s e ,  N .Y .  
W i l k e s - B a r r e ,  Pa .  
S o u t h e a s t  A t l a n t a ,  Ga. $100,000 
C h a r l o t t e ,  N . C .  $ 20 ,000  
D a n v i l l e ,  Va. $ 23,000 
N o r f o l k ,  Va. $ 50 ,000  
Midwest A l t o n ,  I l l .  
1 Evans ton ,  I l l .  
Waukegon, I l l .  
F t .  Wayne, I n d .  
I C o u n c i l  B l u f f s ,  Iowa S i o u x  C i t y ,  Iowa Ann A r b o r ,  Mich. 
H o l l a n d ,  Mich . 
1 Muskegon, Mich. 
I S t .  P a u l ,  Minn. 
Kansas C i t y ,  Mo. 
I Columbus, Ohio Youngs town, Ohio 
C i n c i n n a t i ,  Ohio 
I Oshkosh ,  Wis . 
West Mino t ,  N.D. $ 60 ,000  $ 1 . 9 6  35" 
! Oklahoma C i t y ,  Ok la .  $ 39,000 - 1 2  9'' Denver ,  Colo .  $314,000 . 6 4  55" 
C a s p e r ,  Wyo. $ 20,000 . 5 1  68" 
\ Lubbock, Texas $ 14 ,000  .11 8" 
S e a t t l e ,  Wash. J $316,000 .57  15" 
TABLE 3-2  
MANAGERIAL OPINIONS REGARDING THE MOST SEVERE SNOW HAZARD CONDITIONS 
Area  
C 
Nor t h e a s  t 
Midwest 
S o u t h e a s t  
P l a i n s  
Mountains 
Nor thwest  
T o t a l  
Snow and I c e  
B l i z z a r d s  , Storms 
Snow and Abandoned 




AN APPLICATION OF THE ADJUSTMENT MODEL 
C l i f f o r d  R u s s e l l  
A s  we have noted e a r l i e r ,  of t h e  s e v e r a l  p o s s i b l e  b a s i c  ad jus tments  
t o  urban s n o w f a l l ,  by f a r  t h e  most e x t e n s i v e l y  adopted i s  t h a t  s t r e s s i n g  
maintenance of normal urban r o u t i n e  through t h e  plowing o r  chemical  
t r e a t i n g  of s t r e e t s .  Th i s  i s  a l s o  t h e  ad jus tment  f o r  which i t  seems 
most r e a s o n a b l e  t o  expec t  t h a t ,  w i t h  p r e s e n t  knowledge, meaningful  c o s t  
and b e n e f i t  e s t i m a t e s  could  be made. For  t h e s e  two reasons  we have 
chosen i t  f o r  a n  a t t e m p t  a t  i l l u s t r a t i v e  a p p l i c a t i o n  of t h e  ad jus tment  
model d i s c u s s e d  i n  Chapter  2. I n  t h e  f o l l o w i n g  pages,  we d e s c r i b e  
methods used and r e s u l t s  ob ta ined  i n  t h i s  a t t e m p t .  From t h e s e  r e s u l t s ,  
c e r t a i n  l i m i t e d  l e s s o n s  may be drawn, but  t h e  q u a l i t y  of t h e  c o s t  and 
damage f u n c t i o n  e s t i m a t e s  i s  no t  s u f f i c i e n t l y  h i g h  t o  suppor t  t h e  weight  
of much g e n e r a l i z a t i o n  o r  of p r e s c r i p t i o n s  f o r  a c t u a l  p lann ing .  
I n  Chapter  2,  we showed t h a t  i n f o r m a t i o n  r e l e v a n t  t o  d e c i s i o n s  
abou t  ad jus tments  t o  n a t u r a l  h a z a r d s  inc luded :  The p r o b a b i l i t y  d i s t r i -  
b u t i o n  of t h e  n a t u r a l  e v e n t s  c o n s t i t u t i n g  t h e  "hazard";  a  d e s c r i p t i o n  
( i n  a n a l y t i c a l ,  t a b u l a r ,  o r  o t h e r  form) of t h e  p h y s i c a l  impact on human 
s o c i e t y  of t h e s e  e v e n t s  f o r  g iven  l e v e l s  of a d j u s t m e n t ;  t h e  damages 
a s s o c i a t e d  w i t h  t h e s e  p h y s i c a l  impac t s ;  and t h e  c o s t s  of  t h e  a d j u s t m e n t s . l /  
1/ S t r i c t l y  speak ing ,  t h i s  c a t a l o g  of n e c e s s a r y  i n f o r m a t i o p  a p p l i e s  
on ly  'Eb one broad t y p e  of human a d j u s t m e n t ;  t h a t  aimed a t  s o f t e n i n g  t h e  
p h y s i c a l  impact on s o c i e t y  of u n a l t e r e d  n a t u r a l  e v e n t s .  Adjus tments  which 
a l t e r  t h e  p r o b a b i l i t y  d i s t r i b u t i o n s  of t h e  n a t u r a l  e v e n t s  themselves  ( s u c h  
a s  weather  m o d i f i c a t i o n )  i n v o l v e  us i n  e s s e n t i a l l y  s i m i l a r  s t e p s ,  but  our  
b a s i c  aim t h e r e  i s  t h e  comparison of t h e  a l t e r n a t i v e  p r o b a b i l i t y  d i s t r i b u -  
t i o n s .  
A t  t h a t  t ime we a l s o  suggested t h a t  i n  s tudy ing  t h e  s t r e e t - c l e a r i n g  
adjus tment  t o  s n o w f a l l ,  a  u s e f u l  measure of ad jus tment ,  d e s p i t e  i t s  
inadequac ies ,  would be a  c i t y ' s  h o u r l y  snow removal c a p a b i l i t y  i n  inches  
p e r  hour .  
Actual  removal i s  n o t ,  of c o u r s e ,  n e c e s s a r i l y  t h e  s t r a t e g y  t o  be 
foll.owed, and a  more g e n e r a l l y  c o r r e c t  term might be snowfa l l  "neutra-  
l i z a t i o n "  c a p a b i l i t y ,  where " n e u t r a l i z a t i o n "  i m p l i e s  t h e  e l i m i n a t i o n  o f  
t h e  d i s r u p t i v e  e f f e c t s  of t h e  snowfa l l ,  whether o r  n o t  t h e  snow were 
mel ted o r  pushed o f f  t h e  c i t y ' s  s t r e e t s .  Thus, f o r  example, f o r  very  
smal l  s to rms ,  t h e  a p p l i c a t i o n  of a b r a s i v e s  a lone  might ve ry  w e l l  e l i m i -  
n a t e  t r a f f i c  d i s r u p t i o n  wi thou t  any removal (excep t  t h a t  o c c u r r i n g  
n a t u r a l l y  because o f  temperature  and t r a f f i c . )  For s torms of one t o  
f o u r  i n c h e s ,  chemicals  ( u s u a l l y  sodium c h l o r i d e  w i t h  o r  w i t h o u t  some 
calc ium c h l o r i d e )  p rov ide  t r a c t i o n  and produce removal by mel t ing .  But 
it  i s  a lmost  c e r t a i n l y  n o t  n e c e s s a r y  t o  apply  enough chemicals  t o  m e l t ,  
s a y ,  one inch of snow (of average d e n s i t y )  p e r  hour  i n  o r d e r  t o  n e u t r a -  
l i z e  t h a t  r a t e  of f a l l ,  f o r  t h e  chemicals  change t h e  c h a r a c t e r  o f  t h e  
1 / 
snow on t h e  ground.- For l a r g e  s torms,  it  i s  g e n e r a l l y  cons idered  
n e c e s s a r y  t o  plow t h e  snow o f f  t h e  pavement, s o  t h a t  p h y s i c a l  removal 
i s  p r a c t i c e d .  But t h e  a p p r o p r i a t e  measure of "removal c a p a b i l i t y "  t o  
-
be a s s o c i a t e d  w i t h  plowing i s  l e s s  obvious  t h a n  it may appear .  
1/ Extens ive  l a b o r a t o r y  t e s t s  of t h e  i c e - m e l t i n g  e f f i c i e n c i e s  
of varTous chemical  mix tures  a r e  r e p o r t e d  i n  "Ice  Mel t ing P r o p e r t i e s  
of Chlor ide  S a l t  Mixtures",  Highway Research Board B u l l e t i n  220, Na t iona l  
Academy of Sc iences ,  Na t iona l  Research Council  Pub. 679,  Washington, 
D . C . ,  1959. These t e s t s  took account  of t h e  f a c t  t h a t  an i c e  s u r f a c e  
would be broken up by t r a f f i c  a f t e r  c o n s i d e r a b l y  l e s s  t h a n  100 p e r c e n t  
had a c t u a l l y  mel ted.  Indeed,  our c a l c u l a t i o n s  i n d i c a t e  t h a t  15-20 per -  
c e n t  might  s u f f i c e  f o r  i c e  n e u t r a l i z a t i o n .  Even lower p e r c e n t a g e s  might 
app ly  t o  snow accumulat ions .  
Consider ,  f o r  example, a  c i t y  w i t h  a  s i n g l e ,  s t r a i g h t  s t r e e t  so  
t h a t  we can  e a s i l y  draw a  graph o f  snow dep th  a long t h e  s t r e e t  f o r  
v a r y i n g  removal r a t e s .  Assume t h a t  t h e  r a t e  o f  snowfa l l  i s  2"  p e r  
hour .  Then, i f  t h e  s t r e e t  can be plawed ance each hour ,  t h e  average 
d e p t h  on t h e  s t r e e t  a t  any t ime a f t e r  t h e  f i r s t  hour  w i l l  be 1 inch .  
Thus, g r a p h i c a l l y ,  t h e  snow p r o f i l e  a t  60,  75, 90,  and 105 minutes  
would be : 
Figure  4-1 
A 60 MINUTES 
t 1 
P L O W I N G  C Y C L E  
4 
P L O W I N G  C Y C L E  
8 E  G  I N  S  E N D S  
B. 75 MINUTES 
C. 90 MINUTES 
1" 
D. I05 MINUTES 
STREET LENGTH 
A. Averaga Brpth = % 2 I/I = 1" 
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C. & D. Averagr Dapth = 1" 
I f ,  on t h e  o t h e r  hand,  t h e  s t r e e t  can on ly  be plowed once every  two 
h o u r s ,  t h e  average  d e p t h  i n  t h e  s t r e e t  i n c r e a s e s  t o  2"; i f  eve ry  t h r e e  
h o u r s ,  3", e t c .  What a r e  t h e  removal c a p a b i l i t i e s  r e p r e s e n t e d  by each 
of t h e  a l t e r n a t i v e  c y c l e  t imes?  One n a t u r a l  d e f i n i t i o n  i s  t h e  d i f f e r -  
ence  between t h e  t o t a l  dep th  of snow which would be on t h e  s t r e e t  a f t e r  
one c y c l e  i n  t h e  absence of plowing and t h e  average  d e p t h  l e f t  by 
plowing,  d i v i d e d  by t h e  h o u r s  r e q u i r e d  t o  perform t h e  c y c l e .  Under 
t h i s  d e f i n i t i o n  we o b t a i n :  
T o t a l  t o l l  Ave. dep th  D i f f e r e n c e  Cycle "Removal" 
a f t e r  plowing t ime c a p a c i t y  
1 hour  c y c l e  2" 1 " 1 " 1 hour  l U / h o u r  
2  hour  c y c l e  4" 2" 2" 2  h o u r s  l t t / h o u r  
3  hour  c y c l e  6" 3" 3" 3 h o u r s  l f l / h o u r  
C l e a r l y  something i s  amiss ,  f o r  i f  t h e  c i t y ' s  plows can on ly  be o p e r a t e d  
a t  a  s i n g l e  speed ,  then  i t  must t a k e  3  t imes  a s  much equipment t o  plow 
e v e r y  hour  a s  every  3  hours .  
But i f  we r e t u r n  t o  t h e  i d e a  o f  n e u t r a l i z a t i o n ,  i t  i s  p o s s i b l e  t o  
develop a  measure o f  plowing removal c a p a b i l i t y  which makes sense .  F i r s t ,  
we must p i c k  an average  dep th  which c a u s e s  e f f e c t i v e l y  z e r o  damages. 
Then, f o r  a  g i v e n  s t r e e t  system, t h e  c y c l e  t ime w i l l  de te rmine  t h e  l a r g e s t  
( con t inuous )  r a t e  o f  f a l l  which can be n e u t r a l i z e d ,  i n  t h e  s e n s e  o f  being 
k e p t  a t  t h e  zero-damage dep th  on t h e  average.  Thus, f o r  a  zero-damage 
dep th  of  one h a l f  i n c h ,  a  c y c l e  t ime o f  one hour  d e f i n e s  a  removal capa-  
b i l i t y  of  1 inch  p e r  hour .  A c y c l e  time of  2  h o u r s  i m p l i e s  t h a t  removal 
c a p a b i l i t y  i s  4" p e r  hour ,  e t c .  
The above d i s c u s s i o n  s u g g e s t s  t h a t  t h e  a c t u a l  r e l a t i o n  between 
s n o w - f a l l ,  removal o r  n e u t r a l i z a t i o n  c a p a b i l i t y ,  accumulat ion on s t r e e t s  
and l o s s e s  s u f f e r e d  by s o c i e t y  must be q u i t e  complex. Indeed,  Qne 
shou ld  r e a l l y  d i s c u s s  s e v e r a l  s p e c i f i c  "removal" ad jus tments  ( a b r a s i v e s ,  
chemical  a p p l i c a t i o n  and plowing) s e p a r a t e l y ,  t a k i n g  accoun t ,  however, 
of how they  may be combined, and u s i n g  some v a r i a b l e  such a s  " e f f e c t i v e  
snow depth"  a s  t h e  b a s i c  measure of  p h y s i c a l  impact (where e f f e c t i v e  
snow dep th  would t a k e  i n t o  account  t h e  p resence  o r  absence of a b r a s -  
i v e s  and chemica l s  and would r e f l e c t  a  judgment about  t h e  l e v e l  of 
ave rage  snow accumulat ion producing z e r o  damages.) I n  our  i l l u s t r a -  
t i v e  a p p l i c a t i o n  we adopt  t h e  s imple  view t h a t  "removal c a p a b i l i t y "  
r e a l l y  i n v o l v e s  removal and t h a t  l o s s e s  a r e  s e n s i t i v e  t o  a c c u m u l a t i ~ n  
on ly  (wi th  no a l lowance f o r  t h e  p resence  o f  chemicals  o r  a b r a s i v e s ,  
e x c e p t  a s  chemica l s  produce removal) .  A s  we s h a l l  s e e  below, t h i s  
approach s i m p l i f i e s  t h e  e s t i m a t i o n  of  damages, b u t  makes i t  r a t h e r  
' d i f f i c u l t  t o  e s t i m a t e  meaningful  c o s t  f u n c t i o n s  f o r  l e v e l  of  adjus tment .  
The Basic  Data 
I n  t h i s  c h a p t e r ,  then ,  we d e s c r i b e  t h e  e s t i m a t i o n  of  damages and 
c o s t s  r e l a t e d  t o  snow removal c a p a b i l i t y .  O r i g i n a l l y  we chose s i x  c i t i e s  
o f  rough ly  100,000 - 200,000 p o p u l a t i o n  a s  a  sample f o r  which t o  o b t a i n  
wea the r  d a t a  and i n  which t o  conduct i n t e r v i e w s  concern ing  munic ipa l  
removal c a p a b i l i t y  and r e l a t e d  c o s t s ,  and p r i v a t e  damages and a d j u s t -  
rnents. l1 These c i t i e s  were: N a s h v i l l e ,  Tennessee;  E v a n s v i l l e ,  I n d i a n a ;  
Canton, Ohio; Rockford,  I l l i n o i s ;  U t i c a ,  New York; and Worces ter ,  
Massachuse t t s .  They were chosen w i t h  t h e  i d e a  o f  i n c l u d i n g  two c i t i e s  
1/ I n  Chapter 5 we d i s c u s s  t h e  r e s u l t s  of  t h e  i n t e r v i e w s  w i t h  
re ta i l - and  manufac tu r ing  e s t a b l i s h m e n t s  i n  t h e  sample c i t i e s .  
w i t h  l i g h t  s n o w f a l l  ( N a s h v i l l e ,  E v a n s v i l l e ) ;  two w i t h  medium (Canton,  
Rockford) and two w i t h  heavy snow (Worces ter ,  U t i c a ) .  U n f o r t u n a t e l y ,  
i t  proved i m p o s s i b l e  t o  o b t a i n  t h e  r e q u i r e d  h o u r l y  p r e c i p i t a t i . o n  d a t a  
f o r  U t i c a ,  and our sample was reduced t o  f i v e  c i t i . e s  a f t e r  i n t e r v i e w s  
had been conducted.  Table  4-1  summarizes some of t h e  p e r t i n e n t  d a t a  
f o r  t h e s e  f i v e  c i t i e s .  
U n f o r t u n a t e l y ,  f o r  none of t h e s e  c i t i . e s  were h o u r l y  s n o w f a l l  
d a t a  avai.l .able f o r  any s i g n i f i c a n t  per iod.  Thus, i t  was n e c e s s a r y  
t o  c o n v e r t  h o u r l y  d a t a  on p r e c i p i t a t i o n  i n  e q u i v a l e n t  w a t e r  i n c h e s  
t o  h o u r l y  s n o w f a l l s  u s i n g  i n f o r m a t i o n  on t o t a l  s n o w f a l l  f o r  each day.  
Th i s  procedure ,  i f  performed i n  t h e  s i m p l e s t  way ( i . e . ,  d i v i d i n g  t o t a l  
d a i l y  s n o w f a l l  by t o t a l  d a i l y  wa te r  e q u i v a l e n t  i n c h e s  of p r e c i p i t a t i o n  
and u s i n g  t h i s  f a c t o r  t o  c o n v e r t  t h e  h o u r l y  r e a d i n g s ) ,  has  a b u i l t - i n  
b i a s  i n  t h e  d i r e c t i o n  of u n d e r e s t i m a t i n g  i n d i v i d u a l  h o u r l y  f a l l s .  Th i s  
i s  because  e v e r y  h o u r ' s  p r e c i p i t a t i o n  need n o t  be snow, bu t  u n l e s s  
a d d i t i o n a l  i n f o r m a t i o n  i s  a v a i l a b l e ,  each  h o u r l y  f i g u r e  w i l l  be conver-  
t e d  t o  s n o w f a l l  i n  such a way a s  t o  r eproduce  t h e  recorded  d a i l y  snow- 
f a l l .  Thus, t h e  d e p t h  of some a c t u a l  h o u r l y  f a l l s  may be underes t ima ted  
by t h e  s p r e a d i n g  of a  g iven  d a i l y  t o t a l  over  more h o u r s . l /  I n  a n  
a t t e m p t  t o  c o r r e c t  f o r  t h i s  b i a s ,  our convers ion  program took  i n t o  
account  t h e  v a r i a t i o n  of snow d e n s i t y  w i t h  t empera tu re .21  Unfortuna- 
t e l y  t h i s  t echn ique  d i d  n o t  always reproduce  t h e  d a i l y  r ecorded  f a l l s ,  
11 New wea the r  r e c o r d s  i n c l u d e  h o u r l y  i n d i c a t i o n s  of t h e  form 
- 
of p r e c i p i t a t i o n .  
21 The program was w r i t t e n  by M r .  J o e  Sage,  a  s t u d e n t  i n  t h e  
- 
Graduate  School of Geography, C l a r k  U n i v e r s i t y ,  Worces ter ,  Massachuse t t s ,  
a s  p a r t  of h i s  p r o j e c t e d  Ph.D. t h e s i s  work on s y n t h e t i c  snowfa l l  gene- 
r a t i o n .  
Table 4-1 
Se l ec t ed  C h a r a c t e r i s t i c s  of Study S i t e s  
Mean annual 
Long term snowfal l  over 
Approximate mean annual per$od f o r  which 
s t r e e t  mileage C i t y  Area snowfal l  - 1/ f o r  hou r ly  p r e c i p . d a t a  
Popula t ion  s u b j e c t  t o  (1960) no. of  y e a r s  i n  qva$J, (per iod  i n  
(1960) snow removal sq.  m i l e s  pa r en the se s )  pa r en the se s )  1, 2 
1 Canton 113,630 400 14.3  38. 711(70) 49.6"(1951-68) 
Evansv i l l e  141,543 480 32.0 14.4"(70) 13. 611(1951-69) 
I 
1 Nashv i l l e  170,874 270 29.0 9.On(7O) 12.411(1951-69) 
I Rock fo rd  126,706 440 26.0 31.7"(54) 36.6"(1959-69) 
I 
I ~ o r c e s t e r  186,590 353 37.0 60.0" (59) 71.5"(1957-69) 
I 
I 
1/ Calender yea r  averages .  
- 
1 
1 2 /  The hou r ly  p r e c i p i t a t i o n  d a t a  a r e  a v a i l a b l e  through t h e  p r e s e n t ,  bu t  we 
' 
s t o p p e d  w i th  1969 because c a l c u l a t i o n s  s t a r t e d  e a r l y  i n  1970. 
l 
a f a c t  t h a t  was d i scovered  too  l a t e  f o r  c o r r e c t i o n .  This  r e s u l t e d  i n  
t h e  e l i m i n a t i o n  of one c i t y ,  Canton, Ohio, where t h e  annual  snowfa l l s  
genera ted  were much smal le r  t han  those  recorded dur ing  t h e  p e r i o d . l /  
The p r i n c i p a l  reason  f o r  t h i s  d i sc repancy  was appa ren t l y  t h e  frequency 
wi th  which snowfa l l s  i n  Canton occur red  wh i l e  t h e  temperature  was very 
c l o s e  t o  f r e ez ing .  The c h a r a c t e r i s t i c s  of t h e  recorded and c a l c u l a t e d  
1 snowfa l l s  f o r  t h e  four  remaining c i t i e s  a r e  shown i n  Table 4-2 .  i 
i 
I r , 3/ The Rockford snowfa l l s  were a l s o  smal le r  bu t  f e l l  b a r e t y  
o u t s i d e  a  95 pe r cen t  conf idence i n t e r v a l  around t h e  recorded means 
and so seemed r e p r e s e n t a t i v e  enough t o  u se  i n  t h e  i l l u s t r a t i v e  damage 
c a l c u l a t i o n s .  
Table  4-2 
S e l e c t e d  Snowfal l  C h a r a c t e r i s t i c s  of Study S i t e s  
C a l c u l a t e d  
s t a n d a r d  
Recorded average  d e v i a t i o n  
annua l  snowfa l l  of r ecorded  
( f o r  per iod i n d i c a t e d )  s n o w f a l l  t o t a l s  
E v a n s v i l l e  13. 6It(1951-69) 8 .1 ' '  
Nas hv i  1 l e  12. 411(1951-69) 10.3" 
Rockf ord 36.6"(1959-69) 11.3" 




s n o w f a l l s  
f o r  per iod 
Note: An a d d i t i o n a l  problem w i t h  t h e  s n o w f a l l  c o n v e r s i o n  was t h a t  we 
l i m i t e d  o u r s e l v e s  t o  t h e  months November through A p r i l ,  w h i l e  i n  some 
of t h e  c i t i e s ,  s i g n i f i c a n t  s n o w f a l l s  o c c a s i o n a l l y  occur  i n  October and 
even i n  May. 
The 'Damage Model 
Losses  r e s u l t  from t h e  accumula t ion  of snow on c i t y  s t r e e t s  f o r  
t h r e e  b a s i c  r e a s o n s :  some people a r e  prevented from making n e c e s s a r y  o r  
d e s i r e d  t r i p s - - e s p e c i a l l y  t h o s e  f o r  work o r  shopping;  t h o s e  t r i p s  t h a t  
a r e  made i n v o l v e  lower average  speeds  t h a n  t h e y  would under normal con- 
d i t i o n s ,  w i t h  consequent  i n c r e a s e s  i n  c o s t s  of v e h i c l e  o p e r a t i o n  and 
l o s s e s  of t ime by t h e  t r a v e l l e r s ;  a l l  t r a v e l l e r s  f a c e  i n c r e a s e d  r i s k  of 
a c c i d e n t  because of s l i p p e r y  c o n d i t i o n s . l /  I n  a d d i t i o n  t o  t h e  e f f e c t s  on 
1/ Some b r i e f  q u a l i f i c a t i o n s  a r e  i n  o r d e r  a t  t h i s  p o i n t ,  a l though  
- 
s e v e r a l  more w i l l  be noted i n  t h e  t e x t .  F i r s t ,  i f  normal average  speeds  a r e  
v e r y  high--say abou t  4 5  o r  50 mph--their  r e d u c t i o n  may produce o p e r a t i n g  c o s t  
s a v i n g s  because t h e  a u t o  e n g i n e ' s  most e f f i c i e n t  o p e r a t i n g  speed i s  around 
40 mph. Second, t h e r e  i s  some ev idence  t h a t  dec reased  speeds  and i n c r e a s e d  
d r i v e r  c a r e  may a c t u a l l y  l e a d  t o  reduced t r a f f i c  a c c i d e n t  r i s k  d u r i n g  heavy 
s n o w f a l l s .  From our p o i n t  of view, i t  i s  c o n s e r v a t i v e  t o  assume t h a t  a c c i -  
d e n t  r i s k  i n c r e a s e s  w i t h  accumulat ion.  
p r i v a t e  i n d i v i d u a l s ,  snow a c c u m u l a t i o n  w i l l  h i n d e r  c o w e r c i a 1  and i n d u s -  
t r i a l  t r a f f i c  i n  a  s imilar  way. The a c t u a l  e s t i m a t i o n  of  a l l  t h e s e  e f f e c t s  
would be a c o n s i d e r a b l e  r e s e a r c h  t a s k  i n  i t s e l f  b u t  f o r t u n a t e l y  f o r  u s  i t  
i s  a  t a s k  which has  been  a t t e m p t e d  p r e v i o u s l y  and we were  a b l e  t o  make u s e  
o f  i n f o r m a t i o n  c o n t a i n e d  i n  s u c h  a  s t u d y  p u b l i s h e d  by t h e  American P u b l i c  
Works A s s o c i a t i o n . l /  Because t h e  s t u d y  was based on t h e  s t o r m  a s  t h e  u n i t  
of  t ime  and because  t h e  r e s u l t s  were  p r e s e n t e d  g r a p h i c a l l y  and n o t  i n  
f u n c t i o n a l  form,  t h e  a d a p t a t i o n  of  t h e  r e s u l t s  t o  ou r  s t u d y  i n v o l v e d  
c o n s i d e r a b l e  e f f o r t . ? /  
The c o m p u t a t i o n a l  damage model i s  shown s c h e m a t i c a l l y  i n  F i g u r e  4-2.  
The b a s i c  d a t a  a r e  of  c o u r s e ,  t h e  h o u r l y  s n o w f a l l s  a l r e a d y  d i s c u s s e d .  
From t h e s e  and t h e  assumed v a l u e  of removal  c a p a b i l i t y ,  P,  a r e  c a l c u l a t e d  
h o u r l y  snow a c c u m u l a t i o n s .  F o r  e a c h  c i t y ,  a n n u a l  d a t a  on a u t o  r e g i s t r a t i o n ,  
employment, a v e r a g e  wages and u rban  r a d i u s  are i n t r o d u c e d .  From t h e  APWA 
s t u d y  we t o o k  v a l u e s  of  a v e r a g e  t r i p  l e n g t h s  f o r  worke r s  and non-workers  
and a v e r a g e  number of occupan t s  p e r  c a r .  (We l e t  t h e s e  r ema in  c o n s t a n t  
f o r  a l l  c i t i e s  and y e a r s ,  though i t  would be p r e f e r a b l e  t o  have d a t a  f o r  
e a c h  c i t y  and y e a r . )  We assumed t h a t  wages a r e  a  c o n s t a n t  f r a c t i o n  of 
t o t a l  v a l u e  added i n  e a c h  c i t y ,  and t h a t  some f r a c t i o n ,  deno ted  by p, of 
v a l u e  added " l o s t "  because  of worker  a b s e n c e s ,  i s  made up a t  a  l a t e r  t i m e  
/ See  Snow Removal and I c e  C o n t r o l  i n  Urban Areas, AVPA Resegych 
F o u n d a t i o n ,  P r o j e c t  No. 1 1 4 ,  Vol. I ,  C h a p t e r  7 ,  " ~ c o n o m i c s  of  I c e  and 
Snow Removal i n  Urban Areas"  (Chicago,  A u g u s t ,  1965) .  
2/ T h i s  t a s k  was made more d i f f i c u l t  by t h e  r a t h e r  s k e t c h y  eyp lqna -  
,- 
t i o n  accompanying t h e  g raphs  i n  t h e  s t u d y  r e p o r t .  
under c o n d i t i o n s  of  l e s s  t h a n  f u l l  emplcyment . l /  (We l e t  p  = .1 and .9  
i n  o r d e r  t o  d e m o n s t r a t e  t h e  s e n s i t i v i t y  of  r e s u l t s  t o  t h i s  e f f e c t . )  We 
a l s o  assumed t h a t  f o r  e a c h  c i t y ,  commercial  t r a f f i c  volume cou ld  be 
e s t i m a t e d  f rom p r i v a t e  t r a f f i c  volume u s i n g  t h e  r e l a t i o n  between com- 
m e r c i a l  and p r i v a t e  v e h i c l e  r e g i s t r a t i o n s . z /  
From t h e  AWPA s t u d y  we developed i n  a n a l y t i c a l  form t h e  f u n c t i o n s  
shown i n  F i g u r e  4-2 and t h e  Appendix t o  t h i s  c h a p t e r .  Fo r  most of  t h e s e  
i t  was s u f f i c i e n t  s imply  t o  e s t i m a t e  a f u n c t i o n a l  form which matched t h e  
g raphs  of  t h e  s t u d y .  One of  t h e  key e l emen t s  i n  t h e  model, however, 
i n v o l v e d  comple te  t r a n s l a t i o n  of  one approach  and t ime s c a l e  i n t o  a n o t h e r .  
T h i s  was t h e  r e l a t i o n  between accumula ted  s n o w f a l l  on s t r e e t s  and t h e  
a v e r a g e  speed a t  which a u t o  t r i p s  cou ld  be made i n  t h e  u rban  area. I n  
t h e  AFWA s t u d y ,  t h i s  r e l a t i o n  was p r e s e n t e d  i n  a  l o n g  s e r i e s  of g raphs  
showing,  f o r  s t o r m s  of d i f f e r i n g  l e n g t h s  and h o u r l y  r a t e s  of  s n o w f a l l ,  
t h e  f r a c t i o n  of  normal t r i p  speed a t t a i n e d  a t  any t ime  d u r i n g  t h e  c o u r s e  
of  t h e  storm.?/  F o r  e a c h  s t o r m  t y p e ,  s e v e r a l  r e l a t i o n s  were shown which , 
1/ See  C .  S.  R u s s e l l ,  D. G.  Arey  and R.  W. K a t e s ,  Drought and Water 
- 
Supply:  The I m p l i c a t i o n s  of t h e  M a s s a c h u s e t t s  Exper i ence  f o r  Munic ipa l  
P l a n n i n g  ( B a l t i m o r e :  Johns  Hopkins Press,November 1970) ,  f o r  a d i s c u s s i o n  
of t h e  c o r r e c t  measurement of  "10s t" p r o d u c t i o n ,  t h e  c o r r e c t i o n  f o r  t r a n s -  
f e r r a l  o r  d e f e r r a l ,  and t h e  r o l e  of  a c c o u n t i n g  s t a n c e .  We a d o p t  h e r e  a  
l o c a l  s t a n c e ;  t h i s  g e n e r a l l y  t ends  t o  g i v e  t h e  l a r g e s t  l o s s  e s t i m a t e s .  
21 V e h i c l e  r e g i s t r a t i o n s  were o b t a i n e d  f o r  4  c i t i e s  d u r i n g  t h e  
- 
i n t e r v i e w s .  F o r  one i t  was n e c e s s a r y  t o  go t o  a commercial  f i r m  which 
m a i n t a i n e d  t h e  r e q u i r e d  d a t a  f o r  s a l e  t o  a d v e r t i s e r s  and o t h e r  b u s i n e s s  
i n t e r e s t s .  
3 /  T h i s  r e l a t i o n  was a l s o  d i f f e r e n t i a t e d  by t e m p e r a t u r e ,  one s e t  
of ga;hs b e i n g  g i v e n  t e m p e r a t u r e s  above and one f o r  t e m p e r a t u r e s  below 
2 5 ' ~ .  
-57- 
SCHEMATIC DIAGRAM OF SNOW DAMAGE MODEL 
Nonworker Tkavel 
. ~ -. 
Figure 4-2 
presumably r e f l e c t e d  d i f f e r i n g  r a t e s  of removal. (An example of one of 
t h e s e  graphs i s  included a s  F igu re  4-3.)  Unfor tuna te ly ,  t he  graphs were 
no t  l a b e l l e d  t o  a l low t h e  reader  t o  t e l l  what removal c a p a b i l i t i e s  were 
assumed f o r  each l i n e .  I n  t h i s  s i t u a t i o n ,  we assumed t h a t  i n  each 
f i g u r e ,  t h e  curve showing t he  l onges t  and most s e v e r e  d i s r u p t i o n  was 
based on ze ro  removal e f f o r t  by t h e  mun ic ipa l i t y  and r e f l e c t e d  s imply 
t h e  n a t u r a l  removal occasioned by sun ,  a i r  temperature  and t r a f f i c .  From 
t h e s e  zero-removal cu rve s ,  g iven t h e  assumed r a t e  of snowfa l l ,  we could 
e s t i m a t e  t h e  f r a c t i o n  of normal speed a s s o c i a t e d  w i t h  a  number of dep ths  
of accumulation.J/  From the se  obse rva t i ons ,  we e s t ima t ed ,  by s imple  
r e g r e s s i o n  techn iques ,  t h e  r e l a t i o n  a s :  
F r a c t i o n  of normal t r i p  speed (SF) = e  -ByD, 
where D i s  accumulated snow dep th ;  BT i s  t h e  cons t an t  es t imated  from t h e  
graphs;  and t h e  s u b s c r i p t ,  T, i n d i c a t e s  t h a t  t he  cons t an t  i s  d i f f e r e n t  
f o r  temperatures  above and below 25 '~.  
The r e s u l t s ,  i n  terms of average annual  damages and t h e  s t anda rd  
d e v i a t i o n  of annual  damages, of combining t h e  snowfa l l  r e c o r d s ,  c i t y  d a t a  
and damage e s t i m a t i o n  model a r e  presented i n  Table  4-3. I n  o rder  t o  remove 
t h e  e f f e c t  of c i t y - s i z e ,  and'show more c l e a r l y  t h e  impact of d i f f e r e n t  
snow environments,  we show i n  Table  4-4 t h e  average annual  l o s s e s  per 
c a p i t a  a long  w i th  t h e  average annual snowfa l l  c a l c u l a t e d  from t h e  hourly  
records  generated f o r  use i n  t h e  damage model.-q From the  two t a b l e s  we 
V We had observa t ions  f o r  each  temperature  range ,  w i t h d e p t h s  of 
- 
from . 5  t o  4.0 inches  and corresponding r educ t i ons  i n  t r i p  speeds from 
.95  t o  .50 of normal. 
2,' We use  t h e  1960 popula t ions  t o  d e f l a t e  t h e  average annual f i g u r e s  
from  able 4-3 r a t h e r  than  us ing  i n t e r p o l a t e d  and ex t r apo l a t ed  popula t ion  
f i g u r e s  t o  d e f l a t e  each year  i n d i v i d u a l l y .  
j ,SZ 3A08V MONS H3NI P 804 S3AUn3 11013W.4 (133dS W801S 31dWWS 
can  s e e  t h a t  t h e  average  annua l  damages, p a r t i c u l a r l y  under a  low 
assumed a b i l i t y  t o  d e f e r  l o s t  p roduc t ion  and s a l e s ,  a r e  ve ry  h igh  f o r  
low v a l u e s  of  P, t h e  removal c a p a b i l i t y .  Thus f o r  N a s h v i l l e ,  w i t h  a n  
average  of o n l y  9 . 1  i n c h e s  per y e a r ,  ave rage  annua l  damages per c a p i t a  
could  be a s  h igh a s  $13.72 i f  P  = . 0 5 " / h r . ,  o r  $7.47 i f  P  = . 101 ' /h r .  
Worces te r ,  w i t h  rough ly  7 . 5  t imes  a s  much snow on t h e  average  a s  Nash- 
v i l l e ,  had 1 5  t o  20 t imes  l a r g e r  ave rage  annua l  per c a p i t a  damages. 
These l o s s e s  f a l l  r a p i d l y  w i t h  i n c r e a s i n g  P, however, w i t h  t h e  20- 
f o l d  i n c r e a s e  from P  = . 05  t o  1 . 0 ,  r e d u c i n g  them by a  f a c t o r  of rough ly  
200. ( T h i s  i s  t r u e  f o r  bo th  v a l u e s  of p.) A t  a l l  assumed l e v e l s  of P  
and f o r  bo th  v a l u e s  of p, t h e  s t a n d a r d  d e v i a t i o n s  of l o s s e s  a r e  g e n e r a l l y  
a t  l e a s t  a s  l a r g e  a s  t h e  means themselves ,  i n d i c a t i n g  t h a t  g r e a t  v a r i a -  
b i l i t y  can be expec ted  from year  t o  yea r  i n  l o s s e s  s u f f e r e d ,  whatever 
v a l u e  of P  i s  chosen.  Indeed ,  t h e  combinat ion of l a r g e  average  l o s s e s  
and g r e a t  v a r i a b i l i t y  s u g g e s t  t h a t  a  damage f u n c t i o n  t a k i n g  accoun t  
o n l y  of expec ted  v a l u e s  may n o t  be adequa te  f o r  decis ion-making.  I t  may 
be n e c e s s a r y  t o  i n t r o d u c e  e x p l i c i t l y  some measure of v a r i a b i l i t y ,  such a s  
a  f r a c t i o n  of t h e  s t a n d a r d  d e v i a t i o n ,  i n  a n  a t t e m p t  t o  c a p t u r e  what i t  i s  
r e a s o n a b l e  t o  assume i s  t h e  community's a v e r s i o n  t o  t h e  r i s k  of ve ry  l a r g e  
l o s s e s  i n  p a r t i c u l a r  y e a r s  .l/ 
The a c t u a l  c h o i c e  of t h e  method of i n c l u s i o n  of a  v a r i a b i l i t y  
measure,  and more impor tan t  t h e  c h o i c e  of t h e  r e l a t i v e  we igh t s  f o r  
1/ S e e ,  f o r  example, Maass, e t  a l ,  The Design of Water Resource 
s y s t e m s  (Cambridge: Harvard U n i v e r s i t y  P r e s s ,  1966) ,  pp. 129-152. 
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Average Annual Per C a p i t a  Losses  from Snowfal ls  f o r  Various Removal C a p a b i l i t i e s  
Removal C a p a b i l i t y  (P) i n / h r  
Low Produc t ion /Sa les  
D e f e r r a l  p = .10 
E v a n s v i l l e  (9 .  1I1)L/ 13.44 6.02 1 .62 
N a s h v i l l e  (9.1") 13.72 7.47 2.16 
Rockford (22.2") 25.29 9 .72 1 .95 
Worcester (67.3") 259.21 128.24 33.52 
High Produc t ion /Sa les  
D e f e r r a l  p = .90 
E v a n s v i l l e  (9.1") 2.29 1 .02 .27 .08 .02 
N a s h v i l l e  (9.1") 2.90 1 . 1 4  .26 .06  . 0 1  
Rockf ord  (22.2") 4.37 1.57 . 3 5  .06 <.01 
Worcester (67.3") 44.78 20.34 5.05 1.24 .17 
1/ Generated average annual  s n o w f a l l s  f o r  t h e  per iod over  which 
damages c a l c u l a t e d .  Based on convers ion  of hour ly  r e c o r d s  of p r e c i p i t a t i o n  
i n  wa te r  e q u i v a l e n t  i n c h e s .  
average  l o s s e s  and v a r i a b i l i t y  of t h e  annua l  l o s s e s ,  would n o t  bo easy. 
But t h e  e f f e c t  of one such  c h o i c e  on t h e  "optimal" l e v e l  of adjuafment  
i s  i l l u s t r a t e d  below by t h e  c o n s t r u c t i o n  of damage f u n c t i o n s  o< f h e  
forrn: l /  
D(A) = expected annual  l o s s e s  + 4 s t a n d a r d  d e v i a t i o n  of annua l  l o s s e s  
The t h i r d  major o b s e r v a t i o n  abou t  t h e  t a b l e s  of ave rage  annua l  l o s s e s  
i s  t h a t  t h e  change from LO t o  90 p e r c e n t  d e f e r r a l  of " l o s t "  product;ion and 
s a l e s  r educes  l o s s e s  by a  f a c t o r  of roughly  6 t o  8. Th i s  e f f e c t  ~ q s u l t s  
from t h e  f a c t  t h a t  " l o s s e s "  (of  p roduc t ion  and s a l e s )  r e l a t e d  t o  w e a k e ~  . 
absences  due t o  snow accumula t ion ,  w h i l e  by f a r  t h e  l a r g e s t  p a r t  of ~ o t q l  
l o s s e s  when p  = . l o ,  a r e  n o t  t h e  o n l y  component of t o t a l  l o s s e s .  J,osses 
r e s u l t i n g  from s lower  t r i p  speeds  a r e  n o t  a f f e c t e d  by t h e  change i n  t h e  
d e f e r r a l  assumpt ion,  and hence t h e  r e d u c t i o n  i n  t o t a l  l o s s e s  w i t h  a n  
, 
i n c r e a s e  i n  p  i s  l e s s  than  p r o p o r t i o n a l .  
I t  i s  worth n o t i n g  t h a t  t h e  l o s s e s  r e s u l t i n g  from S i n c h e s  of 
s n o w f a l l  i n  a  s i n g l e  y e a r  w i l l  va ry  g r e a t l y  f o r  g iven  P ,  depending on 
whether t h a t  snow f a l l s  over many hours  a t  low h o u r l y  r a t e s  o r  over  a  
few hours  a t  h igh  r a t e s .  Hourly l o s s e s  a r e  non l i n e a r  i n  t h e  h o u r l y  
accumulat ion,  a n d ,  i n  a d d i t i o n ,  f o r  g iven  P ,  h igher  hour ly  r a t e s  of f a l l  
w i l l  produce more hours  d u r i n g  which some snow i s  on t h e  s t r e e t s .  $&m- 
i l a r l y ,  f o r  l a r g e r  P ,  l o s s e s  w i l l  tend t o  be reduced more r a p i d l y  where 
t h e  same t o t a l  snow f a l l s  a t  lower hour ly  r a t e s  over  more hours.  The 
d a t a  i n  Table  4 - 3  do n o t  s u g g e s t  t h a t  t h e r e  i s  a  tendency f o r  c i t i e s  
1_/ Under f a i r l y  g e n e r a l  c o n d i t i o n s ,  t h i s  form of damage f u n c t i o n  
w i l l  r e s u l t  i n  a  h igher  l e v e l  of ad jus tment  be ing  op t imal  than  w i l l  t h e  
expected l o s s e s  a l o n e .  

The C o s t s  of Adjus tment  
Damages a r e  o n l y  h a l f  t h e  p i c t u r e ,  of c o u r s e ,  f o r  w e  canno t  choose  
a l e v e l  of a d j u s t m e n t  w i t h o u t  knowing how much our  d e c i s i o n  w i l l  c o s t  MS 
a s  w e l l  a s  how much i t  w i l l  s a v e  us  i n  damages avo ided .  I n  t h e  time frame 
of ou r  i l l u s t r a t i o n ,  t h e  r e l e v a n t  c o s t s  a r e  t h o s e  invo lved  i n  maintaining, 
f o r  a  y e a r ,  a  c e r t a i n  l e v e l  of snow removal  o r  n e u t r a l i z a t i o n  c a p a b i l i t y ,  
whe the r  o r  n o t  t h a t  c a p a b i l i t y  i s  e x e r c i s e d  i n  any p a r t i c u l a r  s to rm.  As 
we d i s c u s s e d  i n  Chap te r  2 ,  t h e s e  c o s t s  a r e  p r i m a r i l y  r e l a t e d  t o  g q p i ~ m q n t  
i n v e n t o r i e s ,  l ong  t e rm chemical  s u p p l y  c o n t r a c t s  and employment of  key men 
who canno t  be h i r e d  and l a i d  o f f  f o r  e a c h  s to rm.  I n  a d d i t i o n ,  a  comple te  
a c c o u n t i n g  would r e f l e c t  t h e  e x t e r n a l  c o s t s  o r  damages caused by t h e  
a p p l i c a t i o n  of chemica l s  a s  p a r t  of t h e  removal  p r o c e s s . l /  These  cosPs  
i n c l u d e :  t h e  damage t o  motor v e h i c l e s  from c o r r o s i o n ,  most o b v i o u s l y  t h e  
d e s t r u c t i o n  of m u f f l e r s ,  t a i l  p i p e s  and c e r t a i n  v u l n e r a b l e  body s e c c i ~ q s , E /  
t h e  c o n t a m i n a t i o n  of s o i l  a l o n g  s t r e e t s  w i t h  consequent  damage t o  vqgefia- 
t i o n ; l /  t h e  p o l l u t i o n  of waterways w i t h  t h e  h e a v i l y  m i n e r a l i z e d  r u n o f f  
1/ These c o s t s  a r e  e x t e r n a l  t o  t h e  d e c i s i o n  making u n i t ,  t h e  c i t y  
- 
government.  Whether o r  n o t  c o s t s  e x t e r n a l  t o  t h e  c i t y  a r e  c o n s i d e r e d  w i l l  
depend on t h e  a c c o u n t i n g  s t a n c e  chosen by ( o r  f o r c e d  on) t h e  d e c i s i o n  makers.  
2 /  The American P u b l i c  Works A s s o c i a t i o n  i s  p u b l i s h i n g  t h i s  month 
- 
(September 1970) a  s t u d y  r e p o r t  on motor v e h i c l e  c o r r o s i o n  r e s u l t i n g  
from chemical  t r e a t m e n t  of s t reets  f o r  snow removal .  
3/ On t h e  r e l a t i o n  between s t r e e t  s a l t i n g  and r o a d s i d e  s o i l  chemical  - 
compos i t ion ,  see F .  E. Hutchinson and B. E .  O l son ,   h he R e l a t i o n s h i p  of 
Road S a l t  A p p l i c a t i o n s  t o  Sodium and C h l o r i d e  I o n  L e v e l s  i n  t h e  S o i l  Border-  
i n g  Major Highways," Highway Resea rch  Record,  193 (1967) ,  pp. 1 -7 ,  
from t r e a t e d  s t r e e t s ;  2/ and pos s ib ly  t h e  d i s r u p t i o n  of sewage t rea tment  
f a c i l i t i e s  from t h i s  same source .2 /  These e x t e r n a l  c o s t s  a r e ,  however, 
d i f f i c u l t  t o  measure,  p a r t i c u l a r l y  when they  invo lve  water  p o l l u t i o n  and 
damage t o  v e g e t a t i o n ,  and t h e r e  i s  p r e s e n t l y  i n s u f f i c i e n t  published i n f o r -  
mat ion,  even on t h e  r e l a t i v e l y  s t r a i gh t fo rwa rd  ma t t e r  of v e h i c l e  damage, 
t o  permit  us t o  i n c l u d e  e x t e r n a l  c o s t s  i n  our adjustment  c o s t  f unc t i on .  
Th is  omission w i l l  have t h e  e f f e c t  of r a i s i n g  t h e  "optimal" l e v e l  of ad- 
justment (removal c a p a b i l i t y )  impl ied by our  damage and c o s t  f unc t i ons .  
Even t h e  s t anda rd  " i n t e r n a l "  c o s t s  a s s o c i a t e d  w i t h  main ta in ing  
p a r t i c u l a r  l e v e l s  of removal c a p a b i l i t y ,  however, p resen t  c e r t a i n  con- 
c e p t u a l  measurement d i f f i c u l t i e s .  F i r s t ,  t h e  d i s t i n c t i o n  between t h e  
long and s h o r t  r uns ,  between those  c o s t s  which must be i ncu r r ed  t o  main ta in  
a  given removal c a p a b i l i t y  and those  a s s o c i a t e d  w i t h  c l e an ing  up a f t e r  
p a r t i c u l a r  s to rms ,  may no t  be c l e a r .  For example, how does one t r e a t  a  
1/ Resu l t s  of r e s ea r ch  i n t o  t h e  e x t e n t  t o  which runoff  from t r e a t e d  
highways a f f e c t s  water  q u a l i t y  a r e  r epo r t ed  by F. E. Hutchinson i n  "E f f ec t  
of Highway S a l t i n g  on t h e  Concen t ra t ion  of Sodium and Chlor ide  i n  R i v e r s , "  
Research i n  t h e  L i f e  Sc i ences ,  Winter 1968, pp. 12-14. The r epo r t ed  p r o j e c t  
turned up no evidence t h a t  sodium and c h l o r i d e  concen t r a t i ons  were r e l a t e d  
t o  r u r a l  highway s a l t i n g .  It 'seems reasonable  t o  expec t ,  however, t h a t  
s a l t i n g  i n  an urban a r e a  could produce l a r g e  sodium and c h l o r i d e  "shocks" 
t o  r e c e i v i n g  wate rs  because of t h e  much l a r g e r  t r e a t e d  a r e a s  involved.  
2/ I f  t h e  mun ic ipa l i t y  runs  t h e  sewage t rea tment  p l a n t ,  then  t h i s  i s  
- 
not  s t r i c t l y  an e x t e r n a l  c o s t ,  s i n c e  t h e  c i t y  government would i n  t heo ry  be 
expected t o  i n t e r n a l i z e  t he  c o s t s  t h a t  one of i t s  a c t i v i t i e s  imposes on 
ano ther .  Th is  kind of comprehensive view may almost  never be found i n  
p r a c t i c e ,  however, e s p e c i a l l y  s i n c e  s t r e e t  c l e a r i n g  and t rea tment  p l an t  
ope ra t i on  may f a l l  under d i f f e r e n t  depar tmental  j u r i s d i c t i o n s .  
We asked i n  our i n t e rv i ews  about  our r e sponden t s1  know;edge of t r e a t -  
ment-plant problems caused by s a l t i n g .  None of t h e  in te rv iewed  managers 
i n d i c a t e d  any such knowledge, but two s t r e s s e d  problems of storm-sewer 
c logg ing  caused by a b r a s i v e s .  
c i t y  which r e l i e s  on a n  in fo rmal  agreement w i t h  l o c a l  c o n t r a c t o r s  t q  
o b t a i n  t h e  equipment needed t o  d e a l  w i t h  l a r g e  s torms? No l o ~ g  suq c p s t s  
a r e  a p p a r e n t l y  i n c u r r e d  by t h e  c i t y .  Do t h e  c o n t r a c t o r s ,  b e c a u ~ p  af t p e  
agreement ,  own more equipment t h a n  t h e y  o t h e r w i s e  would? Does t h e  p i t y  
pay a  h i g h e r  r e n t a l  f e e  t h a n  i t  would w i t h  a  c o n t r a c t ?  S i m i l a r  bq t  PET- 
haps even  tougher  q u e s t i o n s  a r i s e  i n  connec t ion  w i t h  s h o r t  run  m o b i J i ~ a t i o n  
d e c i s i o n s .  I n  o r d e r  t o  e x e r c i s e  a  planned removal c a p a b i l i t y ,  t h e  c t t y  
w i l l  have t o  beg in  s a l t i n g  and plowing e a r l y  i n  t h e  s to rm,  b g f o ~ e  t r a f f i c  
s n a r l s  prevent  even c i t y  t r u c k s  from moving. T h i s  w i l l  f r equep tby  kmply 
pre-s torm m o b i l i z a t i o n ,  i . e . ,  m o b i l i z a t i o n  based on f o r e c a s t s  of a n  
approach ing  s torm.  Thus t h e  c i t y ,  i n  e v a l u a t i n g  t h e  c o s t s  of m a i n t a i n i n g  
a l t e r n a t i v e  removal c a p a b i l i t i e s ,  r e a l l y  must c o n s i d e r  some s h o r t  r u n  c o s t s  
of e x e r c i s i n g  t h o s e  c a p a b i l i t i e s  i n  t ime f o r  them t o  be meaningful .  ( N o t i c e  
a l s o  t h a t  s i n c e  f o r e c a s t s  a r e  n o t  always c o r r e c t ,  a n  a d d i t i o n a l  c o a t  
e lement  w i l l  be t h a t  of m o b i l i z a t i o n  which y e r e  n o t ,  i n  f a c t ,  n e c q s s a r y  
b u t  which had t o  be under taken based on f o r e c a s t  i n f o r m a t i o n  and t h e  
assessment  of f o r e c a s t  r e l i a b i l i t y . )  
Another concep tua l  d i f f i c u l t y  i n  c o s t  measurement i s  t h e  a l l o c a t i o n  
of c o s t s  of equipment used i n  more than one r o l e  by t h e  c i t y  ( f o r  example 
garbage t r u c k s  t o  which plows a r e  a t t a c h e d  and genera l -purpose  t r u c k s  on 
which chemical  s p r e a d e r s  a r e  mounted). Any a l l o c a t i o n  of averqge c o s t s ,  
f o r  example on t h e  b a s i s  of t ime o r  m i l e s  i n  a l t e r n a t i v e  s e r v i c e  r o l e s ?  
i s  e s s e n t i a l l y  a r b i t r a r y .  But t h e  i n f o r m a t i o n  needed f o r  coSyect dqc i s$ons ,  
t h e  marginal  equipment c o s t  of o p t i n g  f o r  a h igher  removal q a p a b i l i t y ,  w i l l  
a lmos t  c e r t a i n l y  be d i f f i c u l t  o r  imposs ib le  t o  d i s c o v e r  and one o r  a n o t h e r  
a r b i t r a r y  a l l o c a t i o n  w i l l  have t o  be used.  
A f i n a l  c o n c e p t u a l  d i f f i c u l t y  a r F s e s  from t h e  complexi ty  of t h e  
r e l a t i o n s  between t h e  major a l t e r n a t i v e  methods of  n e u t r a l i z i n g  s n o w f a l l s .  
Changing t h e  removal c a p a b i l i t y  from .9  t o  1 .0  i n c h e s  per  hour probably  
does n o t  i n v o l v e  s imply owning more equipment t o  do  e x a c t l y  t h e  same t h i n g s ,  
b u t  r a t h e r  may i n v o l v e  a  change i n  t h e  m i x  of methods. (For  example, 
r e l a t i v e l y  g r e a t e r  r e l i a n c e  on plowing and l e s s  on s a l t i n g ,  e a r l i e r  
mo.bi . l izat ion and a  change i n  t h e  composi t ion of chemicals  a p p l i e d . )  
D e s p i t e  t h e s e  d i f f i c u l t i e s ,  we o r i g i n a l l y  hoped t o  g a t h e r  s u f f i c i e n t  
d a t a  on c o s t s  and a s s o c i a t e d  removal c a p a b i l i t i e s ,  bo th  i n  our  i n t e r v i e w s  
i n  t h e  sample c i t i e s  and from t h e  p u b l i c  works l i t e r a t u r e ,  t o  g e n e r a t e  
a  f u n c t i o n  which would r e f l e c t  t h o s e  c o s t s  a f f e c t e d  by r e l a t i v e l y  long  
term d e c i s i o n s  abou t  t h e  a p p r o p r i a t e  l e v e l  of ad jus tment  t o  t h e  snow h a z a r d . l /  
But i n  t h e s e  e f f o r t s  we r a n  i n t o  f u r t h e r ,  p r a c t i c a l  d i f f i c u l t i e s .  F i r s t ,  
n e i t h e r  i n  t h e  i n t e r v i e w s  nor  i n  t h e  l i t e r a t u r e  d i d  p u b l i c  works o f f i c i a l s  
normal ly  d i s c u s s  c o s t  i n  r e l a t i o n  t o  any d e s i r e d  removal o r  n e u t r a l i z a t i o n  
c a p a b i l i t y .  The most wide ly  used terms of r e f e r e n c e  were t o t a l  annua l  
c o s t s  per  i n c h  of t o t a l  annual  anowfa l l  per mi le  of c i t y  s t r e e t s  "main- 
t a ined"  ( i . e .  s t r e e t s  s u b j e c t  t o  plowing a n d / o r  chemical  a p p l i c a t i o n ) .  
We r a n  a c r o s s  on ly  two major e x c e p t i o n s  t o  t h i s  r u l e  and one i n d i c a t i o n  t h a t  
t h e  u s e f u l n e s s  f o r  p lann ing  of t h i n k i n g  i n  terms of inches-per-hour  removal 
1/ To t h i s  end we devoted an e x t e n s i v e  s e c t i o n  of our  q u e s t i o n n a i r e  
t o  a t t e m p t i n g  t o  o b t a i n  i n f o r m a t i o n  on equipment i n v e n t o r i e s  and c o s t s ,  
ave rage  l i v e s ,  buying c y c l e s  and e x t e n t  of a l t e r n a t i v e  u s e s .  Th i s  e f f o r t  
was no t  s u c c e s s f u l .  We a l s o  under took a  r a t h e r  complete l i t e r a t u r e  s e a r c h ,  
some of t h e  f r u i t s  of which w i l l  appear  below. 
o r  n e u t r a l i z a t i o n  c a p a b i l i t y  i s  r e c o g n i z e d . l /  The f i r s t  e x c e p t i o n  was a n  
a r t i c l e  on Newton, M a s s a c h u s e t t s ,  i n  The American C i t y ,  which con ta ined  a  
d e s c r i p t i o n  of Newton's "des ign  storm" ( i . e . ,  t h a t  s t o r m  w i t h  which t h e i r  
removal sys tem was des igned  t o  d e a l  e f f e c t i v e l y )  a s  12 t o  16  i n c h e s  accumu- 
l a t i o n ,  w i t h  a  r a t e  of f a l l  of 1 . 5  i n c h e s  per  hour.;?/ The o t h e r  e x c e p t i o n  
t o  t h e  absence  of r e f e r e n c e s  t o  h o u r l y  removal c a p a b i l i t y  came, perhaps  no t  
s u r p r i s i n g l y ,  i n  a r t i c l e s  about  hea ted  pavements a s  a  method of keeping key 
t r a f f i c  s p o t s  open.21 (We s a y  "not  s u r p r i s i n g l y "  because  i n  t h e  m e l t i n g  of 
snow by h e a t i n g  pavement a r e a s  t h e r e  a r e  none of t h e  a m b i g u i t i e s  concern ing  
t h e  meaning of "removal" which we have d i s c u s s e d  b o t h  i n  t h i s  c h a p t e r  and i n  
Chapter  2 . )  Both a r t i c l e s  agreed i n  recommending t h a t  sys tems should  be 
des igned  w i t h  t h e  c a p a b i l i t y  of m e l t i n g  one i n c h  per  hour ,  even though high-  
e s t  recorded r a t e s  of f a l l  might be 3  o r  4  i n c h e s .  The a r t i c l e s  a l s o  a g r e e  
' r e a s o n a b l y  w e l l  ( a f t e r  a l l o w i n g  f o r  i n s t r u c t i o n  c o s t  i n f l a t i o n )  on t h e  
c a p i t a l  c o s t s  ( m a t e r i a l ,  equipment and i n s t a l l a t i o n )  of heated pavement 
a r e a s :  abou t  $4.00 per s q u a r e  f o o t .  O p e r a t i n g  c o s t s  depend,  of c o u r s e ,  
on t h e  p r i c e  of e l e c t r i c i t y  ( o r  steam) and on t h e  number of hours  of opera -  
t i o n  per y e a r .  But by assuming v a r i o u s  s imple  r e l a t i o n s  between average  
1/ The l a t t e r  i n d i c a t i o n  i s  a  r e c e n t  a r t i c l e  by Paul  D .  Tomlingson, 
" o r g a n i z i n g  f o r  Winter Maintenance," i n  P u b l i c  Works, Vol. 101, No. 8 ,  
August 1970, pp. 52-54,  i n  which t h e  e x p l i c i t  c h o i c e  of a l d e s i g n  h o u r l y  
s n o w f a l l  i s  advocated.  
2/ "Newton, Mass., Measures i t s  Snow-f ight ing S t r e n g t h , "  American 
- 
C i t y ,  December, 1960,  pp. 106-107. 
3 /  An e a r l y  a r t i c l e  by James B. Fullman, "snow Mel t ing  Systems," 
The ~ m e r i c a n  C i t y ,  Vol. 57, No. 6 ,  J u n e  1952,  pp. 92-94, d i s c u s s e d  sys tems 
u s i n g  s t eam i n  p ipes .  More r e c e n t l y ,  J .  M. P i t tman ,  i n  "Exper ience  w i t h  Elec-  
t r i c a l l y  Heated Pavement ," P u b l i c  Works, August 1969, pp. 97-100, d e a l s  w i t h  
i m p l a n t i n g  conduc t ing  c a b l e s  i n  pavement. 
a n n u a l  s n o w f a l l  and average  t o t a l  hours  of snow, we can  c a l c u l a t e  i l l u s -  
t r a t i v e  o p e r a t i n g  c o s t s  f o r  a  g iven  energy p r i c e .  I f ,  f o r  example, we 
assume a  c a p i t a l  r e c o v e r y  f a c t o r  of .10 (which would correspond t o  a  l i f e  
of 20 y e a r s  w i t h  a  d i s c o u n t  r a t e  of  8 p e r c e n t ) ,  t h e  annua l  c a p i t a l  c o s t s  
f o r  a  m i l e  of hea ted  pavement 24 f e e t  wide would be $50,800.  The h e a t  
r e q u i r e d  t o  m e l t  one i n c h  per hour of snow w i t h  a  d e n s i t y  .1 times t h a t  
of wa te r  i s  72 BTU per s q u a r e  f o o t .  Th i s  i s  e q u i v a l e n t  t o  21 .1  w a t t  hours 
of e l e c t r i c i t y .  Al lowing f o r  h e a t  l o s s e s  i n t o  t h e  s u r r o u n d i n g  s o i l ,  abou t  
100 BTU per hour o r  29.3  w a t t  hours a r e  r e q u i r e d  per s q u a r e  f o o t .  T h i s  
i m p l i e s  a  t o t a l  ene rgy  i n p u t  of 3720 kwh per m i l e  per h o u r . l /  A t  $.009 
per  kwh, h o u r l y  o p e r a t i n g  c o s t s  would be $33.40 per  mi le .  I n  Tab le  4 -5 ,  
we show t h e  t o t a l  annua l  c o s t s  ( c a p i t a l  p lus  o p e r a t i n g )  and annua l  c o s t s  
per i n c h  f o r  one m i l e  of hea ted  pavement under s e v e r a l  d i f f e r e n t  assump- 
t i o n s  abou t  t o t a l  annua l  s n o w f a l l  and hours  of o p e r a t i o n .  These f i g u r e s  
r e p r e s e n t  ext reme upper l i m i t s  on t h e  c o s t s  per i n c h  per  m i l e  of  removal 
c a p a b i l i t y .  ( I n  normal a p p l i c a t i o n ,  of c o u r s e ,  h e a t e d  pavements a r e  o n l y  
used f o r  s m a l l  a r e a s ,  c r i t i c a l  t o  t r a f f i c  f low,  such  a s  s l o p i n g  approaches  
t o  b r i d g e s  and thruways.  ) 
But t o  r e t u r n  t o  our primary i n t e r e s t ,  t h e  e s t i m a t i o n  of a  c o s t  
f u n c t i o n  f o r  s t a n d a r d  removal methods r e l a t e d  t o  removal c a p a b i l i t y  i n  
i n c h e s  per hour ,  t h e  r e s t  of t h e  r a t h e r  l a r g e  amount of l i t e r a t u r e  on 
snow d i d  n o t  ment ion "des ign  f a l l s , "  even though i t  d i d  p rov ide  us  w i t h  
c o n s i d e r a b l e  i n f o r m a t i o n  a b a u t  r e a s o n a b l e  ranges  f o r  a v e r a g e  annua l  "snow- 
1/ We assume t h a t  t h e  only  c o n t r o l  i s  a n  on-off  s w i t c h  s o  t h a t  energy 
i n p u t  c a n n o t  be v a r i e d  t o  meet d i f f e r e n t  r a t e s  of f a l l .  T h i s  seems t o  be 
t h e  c a s e  i n  the  i n s t a l l a t i o n  d e s c r i b e d  by P i t tman ,  i b i d .  
f i g h t i n g "  c o s t s  pe r  i n c h  pe r  mi l e .&/  I n  a d d i t i o n ,  a  number of r e s e a r c h  
r e p o r t s  a r e  a v a i l a b l e  d i s c u s s i n g  t h e  u s e  of sodium a n d / o r  c a l c i u m  c h l o r i d e  
t o  a t t a c k  snow and ice.:/ These  g e n e r a l l y  g i v e  v e r y  c a r e f u l  a c c o u n t s  o f  
c o s t s  i n c u r r e d  u s i n g  v a r i o u s  c h e m i c a l  m i x t u r e s ,  b u t  none d i s c u s s  t h e  e n t i r e  
s n o w - f i g h t i n g  program i n  t h e  t e s t  a r e a ,  o r  t h e  s p e c i f i c  p l a c e  of  c h e m i c a l s  
i n  t h a t  program. T h e r e  i s  no way o f  r e l a t i n g  t h e  c o s t  and w e i g h t  i n f o r m a t i o n  
1/ I n  t h i s  l i t e r a t u r e ,  "snow removal"  f r e q u e n t l y  means ac tua l .  p h y s i c a l  
- 
r emova l ,  a s  f rom downtown s t r e e t s ,  where  human o r  m e c h a n i c a l  l o a d e r s  and 
dump t r u c k s  a r e  used .   now-fighting" i s  o f t e n  u sed  t o  r e f e r  t o  t h e  
p lowing  and  c h e m i c a l  t r e a t m e n t  of s t r e e t s .  T h e r e  i s  no r e a d y  g u i d e  t o  t h i s  
l i t e r a t u r e ,  and  a comple t e  l i s t i n g  would be t e d i o u s .  A few of t h e  more 
i n t e r e s t i n g  a r t i c l e s  o f  r e c e n t  y e a r s ,  however,  i n c l u d e :  
--W. J .  R h e i n f r a n k ,   ransi sit Mix Trucks  S e r v e  on Snow Plowing 
~ e a m s  , I 1  P u b l i c  Works, September  1969 ; 
--F. Worth L a n d e r s ,   he Win te r  T h a t  was!", P u b l i c  Works, Augus t  
1969,  pp. 82-84;  
--R. R. F l eming ,  "More Plows and  B e t t e r  P l a n s  , I '  The American 
C i t y ,  November 1968,  pp. 69-72 and 1 3 2 ,  134 .  ( T h i s  i s  a r e p o r t  
of a  s u r v e y  by t h e  j o u r n a l  of  c i t i e s  a l l  o v e r  t h e  U.S. I t  was 
a l s o  conduc ted  and r e p o r t e d  on i n  1964 and 1961 . )  
2/ See ,  f o r  example:  
- 
--New York S t a t e  Thruway A u t h o r i t y ,  "Chemical  M i x t u r e  T e s t  Program," 
1958-1960;  
--Highway R e s e a r c h  Board,  " ~ c e - ~ e l t i n g  P r o p e r t i e s  o f  C h l o r i d e  S a l t  
M i x t u r e s , "  B u l l e t i n  220 ,  N a t i o n a l  Academy of  S c i e n c e s ,  N a t i o n a l  
R e s e a r c h  Counc i l  ( p u b l i c a t i o n  679) ,  Washington ,  D.C. 1959;  
--Lawrence M i l l e r ,  "Calcium C h l o r i d e - S a l t  Snow and I c e  C o n t r o l :  
W i n t e r  1961-62,"  R e s e a r c h  R e p o r t  2 ,  C o n n e c t i c u t  S t a t e  Highway 
Depar tment .  (No d a t e  o r  p l a c e  of p u b l i c a t i o n ,  b u t  a v a i l a b l e  f rom 
Ca lc ium C h l o r i d e  I n s t i t u t e ,  Washington ,  D.C.) 
- - E n  L. M i l l e r ,  " ~ o d e l s  f o r  P r e d i c t i n g  Snow Removal C o s t s  and Chemical  
Usage ,"  a  pape r  p r e s e n t e d  a t  t h e  Symposium on Snow Removal and I c e  
C o n t r o l  R e s e a r c h ,  U.S. Army Cold Reg ions  R e s e a r c h  and E n g i n e e r i n g  
L a b o r a t o r y ,  Hanove r ,  N.H., A p r i l  1970.  
Table  4-5 
Annual Cos t s  of Snow Removal Using E l e c t r i c a l l y  Heated Pavements: 1 i n c h  
per  Hour Removal C a p a b i l i t y  
Average 
Average Average annua 1 Annual Average 
annua l  annual  o p e r a t i n g  c a p i t a l  annua 1 Average 
i n c h e s  of hours  of c o s t s  c o s t  c o s t  annua l  c o s t s  
s n o w f a l l  o p e r a t i o n  (one mi le )  (one mi le )  per mi le  per i n c h  ,per mile 
t o  r a t e s  of s n o w f a l l ,  p r o p o r t i o n  of snow mel ted ,  o r  maximum accumulat ion 
cons idered  s a f e  on roads  invo lved ;  i n  s h o r t ,  t h e r e  appears  t o  be no way 
of u s i n g  t h e s e  d a t a  i n  e s t i m a t i n g  c o s t s  of s p e c i f i e d  l e v e l s  of adjus tment .  
I n  t h i s  s i t u a t i o n ,  i t  seemed necessary t o  t r y  t o  make u s e  of such  
i n f o r m a t i o n  as  we had f o r  our  sample c i t i e s .  Th i s  inc luded :  d e t a i l e d  snow- 
E a l l  d a t a  ( t h e  h o u r l y  r e c o r d s  d i s c u s s e d  above p lus  summaries of monthly and 
annua l  t o t a l s ,  l a r g e s t  24 s torms on r e c o r d ,  e t c . ) ;  a s s o c i a t e d  c l i m a t i c  
d a t a ,  such  a s  normal d a i l y  maximum tempera tu re  f o r  each  month; and c o s t  
i n f o r m a t i o n  of v a r y i n g  q u a l i t y  (none f o r  E v a n s v i l l e ) .  To a t t empt  t o  
o b t a i n  i n d i r e c t  e s t i m a t e s  of ' in tended removal c a p a b i l i t i e s ,  we f i r s t  
c a l c u l a t e d ,  from our  hour ly  snowfa l l  r e c o r d s ,  t h e  90 percen t  hour ly  r a t e  
( t h e  r a t e  l a r g e r  than  90 percen t  of a l l  hour ly  f a l l s ) .  But t h i s  f i g u r e ,  
t o  our  s u r p r i s e ,  d i d  not  d i f f e r  between c i t i e s  w i t h  very d i f f e r e n t  mean 
annual  f a l l s .  Thus, f o r  both  N a s h v i l l e  (mean = 6.lq7/yr.) and Worcester  
( m e a n -  67.3"/yr . )  t h e  90 p e r c e n t  snowfa l l  over  our record  was 1.0 
inck/hour .&/  It seems t h a t  i n  Worcester i t  s imply  snows many more hours  
per y e a r  wi thou t  snowing h a r d e r ,  on t h e  average ,  d u r i n g  i n d i v i d u a l  h 0 a u s . g  
On t h e  o t h e r  hand, t h e  l a r g e s t  24-hour s t o r m  do d i f f e r  s i g n i f i c a n t l y  
between N a s h v i l l e  and Worcester ( a l t h o u g h  n o t  among E v a n s v i l l e ,  Canton, 
Rockford and N a s h v i l l e ) ,  which s u g g e s t s  t h a t  heavy hour ly  f a l l s  may occur  
i n  s e r i e s  more f r e q u e n t l y  i n  a r e a s  of l a r g e r  annual  t o t a l  snowfa l l .  We 
l /  The 95 percen t  f a l l  was a c t u a l l y  l a r g e r  f o r  N a s h v i l l e .  
- 
2/ See t h e  d i s c u s s i o n  on page 18 ,  above. There  we found no evidence,  
from tKe p a t t e r n  of damage s e n s i t i v i t y  t o  assumed removal c a p a b i l i t y ,  t h a t  
t h e  c i t i e s  w i t h  high average  s n o w f a l l s  had p r o p o r t i o n a l l y  more hours w i t h  
ve ry  heavy f a l l s .  
chose t o  use  t h e  r e c o r d  24-hour s n o w f a l l ,  d i v i d e d  by 24,  a s  a  p a r t i a l  s u r -  
r o g a t e  f o r  d e s i r e d  removal c a p a b i l i t y .  The o t h e r  de te rminan t  of t h i s  
c a p a b i l i t y ,  we took t o  be normal d a i l y  maximum tempera tu res  f o r  January ,  
t o  r e f l e c t  t h e  l i k e l y  r e s i d e n c e  t ime of s n o w f a l l s  on c i t y  s t r e e t s .  We . 
f u r t h e r  assumed t h a t  t h e s e  two a r e  t r aded  o f f  a g a i n s t  each  o t h e r  i n  
de te rmin ing  removal c a p a b i l i t y ,  s o  t h a t  a  c i t y  w i t h  h igher  t empera tu res  
can  a c c e p t  h igher  h o u r l y  s n o w f a l l s  w h i l e  m a i n t a i n i n g  t h e  same removal 
c a p a b i l i t y . l /  P l o t t i n g  our  f i v e  sample c i t i e s  a s  p o i n t s  on a  graph of 
l a r g e s t  24-hour s n o w f a l l  ( d i v i d e d  by 24) a g a i n s t  normal d a i l y  maximum 
J a n u a r y  t empera tu re ,  we o b t a i n  F i g u r e  4-4. We n o t e  t h a t  t h e  c i t i e s  c l u s t e r  
accord ing  t o  mean annual  snowfa l l .  
Three  more assumptions were n e c e s s a r y  t o  match c o s t s  t o  a  removal 
c a p a b i l i t y .  F i r s t ,  we assumed t h a t  t r a d e o f f s  of temperature  a g a i n s t  r a t e  
of f a l l  occur  a l o n g  s t r a i g h t  l i n e s .  Second, we chose t o  draw t h e s e  l i n e s  
a s  r a y s  from a n  o r i g i n  a t  which the  r a t e  of f a l l  v a r i a b l e  was z e r o ,  and t h e  
t empera tu re  v a r i a b l e ,  -10°F'.2/ (This temperature  was chosen because i t  was 
s i g n i f i c a n t l y  below normal d a i l y  maximum January  t empera tu res  f o r  t h e  
con t iguous  Uni ted S t a t e s . )  These r a y s ,  drawn from t h e  o r i g i n  t o  each of 
t h e  c l u s t e r s  r e p r e s e n t i n g  approximately  equa l  annual  average  s n o w f a l l s ,  
11 It  i s  r e a s o n a b l e  t o  expec t  t h a t  a i r  t empera tu res  a r e  cons idered  
- 
i n  choosing removal c a p a b i l i t i e s .  The method we o u t l i n e  here ,however ,  
assumes t h a t  a l l  c i t i e s  choose an ad jus tment  l e v e l  on t h e  b a s i s  of  p h y s i c a l  
r e c o r d s  a l o n e  wi thou t  c o n s i d e r i n g  c o s t s  o r  damages. Th is  may o r  may not  
be c o r r e c t ,  but  i t  should be s u b j e c t  t o  e m p i r i c a l  t e s t .  The b e s t  we can do 
i s  t o  compare l a t e r  our r e s u l t s  f o r  op t imal  removal c a p a b i l i t y  w i t h  t h e  
l e v e l s  impl ied  by t h i s  assumption and t h e  weather  r e c o r d s .  
21 Our r e s u l t s  would no t  be s e n s i t i v e  t o  changes i n  t h i s  temperature  
- 
o r i g i n  over  a  f a i r l y  wide range.  
a r e  shown i n  F i g u r e  4-4. F i n a l l y ,  t o  a s s o c i a t e  a  s t a n d a r d  removal capa-  
b i l i t y  w i t h  each r a y ,  we chose t h e  i n t e r s e c t i o n  of t h e  r a y  w i t h  t h e  
v e r t i c a l  l i n e  r e p r e s e n t i n g  3 2 ' ~ .  T h i s  g i v e s  us removal c a p a b i l i t i e s  of 
- 3 3  i n . / h r /  ( N a s h v i l l e - E v a n s v i l l e ) ,  . 4 5  i n . / h r .  (Rockford-Canton) and 
1.00 i n . / h r .  (Worces te r ) .  Combining t h i s  i n f o r m a t i o n  w i t h  e s t i m a t e s  of 
ave rage  annua l  snow-f igh t ing  c o s t s  per i n c h  per m i l e  from our  i n t e r v i e w s ,  
we o b t a i n  t h e  lower t h r e e  p o i n t s  a l o n g  t h e  curve  i n  F i g u r e  4-5.11 A curve 
through t h e s e  p o i n t s  may be approximated by t h e  e x p r e s s i o n :  
c = 35 p1.43 
where C i s  annua l  c o s t  per  i n c h  per  m i l e  and P  i s  chosen removal c a p a b i l i t y .  
A s  t o r t u o u s  a s  t h e  above method and r e a s o n i n g  a r e ,  i t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  independen t ly  developed d a t a  f o r  Newton, Massachuse t t s ,  p l a c e  
t h a t  c i t y ' s  c o s t s  per i n c h  pe r  m i l e  and chosen removal c a p a b i l i t y  very 
, 
c l o s e  t o  t h e  curve  i n  F i g u r e  4-5.21 Thus, a l t h o u g h  t h e  r e s u l t s  quoted 
below a r e  p r i m a r i l y  i l l u s t r a t i v e ,  t h e  c o s t  f u n c t i o n  on which t h e y  a r e  based 
11 Because of t h e  problems c i t e d  above,  of s e p a r a t i n g  long  r u n  and 
s h o r t  r u n  c o s t s  a f f e c t e d  by a  d e c i s i o n  t o  m a i n t a i n  a  p a r t i c u l a r  removal 
c a p a b i l i t y ,  t h e  use  of ave rage  ( t o t a l )  annua l  c o s t s  does  n o t  seem p a r t i c u -  
l a r l y  dangerous .  I t  may r e s u l t  i n  some o v e r - e s t i m a t i o n  of t h e  r e l e v a n t  
c o s t s  f o r  any chosen removal l e v e l ,  and t h u s  i n  a  tendency f o r  t h e  "optimal" 
removal l e v e l s  found below t o  be t o o  low. 
21 We have a l r e a d y  mentioned t h a t  Newton was t h e  on ly  c i t y  f o r  which 
- 
we found a  chosen removal c a p a b i l i t y  i n  t h e  l i t e r a t u r e .  The c o s t s  per  i n c h  
per m i l e  were c a l c u l a t e d  a s  t h e  b a s i s  of i n f o r m a t i o n  s u p p l i e d  by Newton 





- 9.0 ' 
a p p e a r s  t o  accord  w i t h  such  l i m i t e d  e m p i r i c a l  i n f o r m a t i o n  a s  we have 
found . A/ 
Optimal Adiustment L e v e l s :  Combining Costs  and Expected Losses  
Now we a r e  i n  a  p o s i t i o n  t o  combine our  e s t i m a t e s  of c o s t s  and l o s s e s  
a s  f u n c t i o n s  of  removal c a p a b i l i t y  i n  o r d e r  t o  f i n d  "optimal" l e v e l s  of 
t h a t  c a p a b i l i t y  f o r  our  sample c i t i e s .  Thus, from Tab le  4-3,  c o n t a i n i n g  
i n f o r m a t i o n  on average  annual  l o s s e s  t o  E v a n s v i l l e ,  N a s h v i l l e ,  Rockford 
and Worces te r ,  we may c o n s t r u c t  damage f u n c t i o n s  l i k e  t h e  one p i c t u r e d  
f o r  N a s h v i l l e  i n  F i g u r e  4 - 6 .  These c u r v e s  a r e  n o t  e x a c t l y  l i n e a r  i n  t h e  
l o g - l o g  form, bu t  i t  i s  p o s s i b l e  t o  approximate  them segment by segment 
by long l i n e a r  r e l a t i o n s ,  i . e . ,  r e l a t i o n s  of t h e  form: 
l o g  (Damages) = l o g  A + B l o g  P o r  D = A P ~  
For  t h e  segments l a b e l l e d  ( 1 )  (. 5 &P L 1 . 0 )  and ( 2 )  ( .  25 < P  <. 5) i n  
F i g u r e  4 -6 ,  t h e  l i n e a r  approximat ions  a r e  
S i n c e  t h e  c o s t  f u n c t i o n  we have e s t i m a t e d  ahove i s  i n  terms of  ave rage  
annua l  c o s t s  per  i n c h  per m i l e ,  we need t o  conver t  t o  t o t a l  annual  c o s t s  by 
I n  a n  a t t e m p t  t o  t e s t  t h e s e  r e s u l t s  u s i n g  a  much l a r g e r  sample,  we 
c a l c u l a t e d  c o s t s  per i n c h  per m i l e  (averaged over  t h e  l a s t  t h r e e  y e a r s )  f o r  
a l l  t h e  c i t i e s  r e spond ing  a d e q u a t e l y  t o  our ma i l  q u e s t i o n n a i r e .  These 
were compared w i t h  i n f o r m a t i o n  on d a i l y  average  J a n u a r y  t empera tu res  and 
on t h e  l a r g e s t  snowstorm e a c h  c i t y ' s  o f f i c i a l s  r e p o r t e d  e x p e c t i n g  ( d i v i d e d  
by 24) .  The r e s u l t s  d i d  n o t  conf i rm our s m a l l  sample r e s u l t s .  I t  appeared 
t h a t  t h e  l a r g e s t  s torms r e p o r t e d  a s  expec ted  were e i t h e r  chosen r a t h e r  
a r b i t r a r i l y ,  o r  were f o r  s o  many d i f f e r e n t  and unknown s to rm p e r i o d s  a s  
t o  l e a v e  us w i t h  no u s e f u l  r e l a t i o n s .  A t  lower l e v e l s  of c o s t s  pe r  i n c h  
per m i l e ,  we found a r e l a t i o n  s i m i l a r  t o  t h e  one behind F i g u r e  4-5,  bu t  
t h i s  was n o t  s u s t a i n e d  a t  h i g h e r  c o s t  l e v e l s .  
AVERAGE ANMIJAL COST PER INCH OF SNOW PER MILE OF STREET 
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"REMOVAL"  C A P A B I L I T Y  ( P )  
( INCHES P E R  HOUR) 
FIGURE 4-5 
m u l t i p l y i n g  f o r  e a c h  c i t y  by average  annual  s n o w f a l l  and t o t a l  m i l e s  
of s t r e e t  maintained.&/ For  each  c i t y ,  t h e n ,  t h e  c o s t  f u n c t i o n  i s  
a l s o  of t h e  e x p o n e n t i a l  ( o r  l o g  l i n e a r )  form 
C = G P " ~ ~  = 35 x  F x  61 x P 1 . 4 3  
where F  = average  annua l  s n o w f a l l ;  
M = m i l e s  of s t r e e t s  ma in ta ined .  
Such a  t o t a l  annual  c o s t  f u n c t i o n  i s  shown i n  F i g u r e  4-6 f o r  N a s h v i l l e .  
I t s  e q u a t i o n  i s :  
C = 8600 PI. 43 
I n  o r d e r  t o  choose t h e  op t imal  l e v e l  of  P, we need t o  s e t  t h e  
n e g a t i v e  of marg ina l  damages e q u a l  t o  marg ina l  c o s t s .  I n  g e n e r a l  t e rms ,  
u s i n g  t h e  n o t a t i o n  above,  we have a t  t h e  optimum pk: 
So t h a t  we may f i n d  W from: 
I n  F i g u r e  4-7,  we graph t h e  marg ina l  c o s t  and damage curves  c o r r e s -  
ponding t o  F i g u r e  4-6. (We a l s o  g i v e  t h e i r  fo rmulae . )  The opt imal  v a l u e  
of P  i s  abou t  .41 ,  determined by t h e  i n t e r s e c t i o n  of t h e  marginal  c o s t  
cu rve  and t h e  n e g a t i v e  of  t h e  marg ina l  damage curve  cor respond ing  t o  
segment ( 2 )  (. 25 P L. 5) Of t h e  t o t a l  damage curve  approximat ion.  
1/ I n  t h e  example we u s e  t h e  average  annua l  s n o w f a l l s  from t h e  
&eneraTed hour ly  r e c o r d s .  Th i s  p u t s  c o s t  and damage f u n c t i o n s  on t h e  
same b a s i s .  We u s e  mi les  of s t r e e t s  from t h e  i n t e r v i e w  r e s u l t s  w i t h  no 
ad jus tment  f o r  m u l t i - l a n e  s t r e e t s  o r  urban thruways. 
NASHVILLE:  ANNUAL COSTS AND LOSSES AS FUNCTIONS 
O F  REMOVAL CAPABII- ITY (HIGH D E F E R R A L  R A T E )  
REMOVAL C A P A B I L I T Y  ( P )  
( INCHES P E R  HQUR) 
FIGURE 4-6 
(Not ice  t h a t  t h e  n e g a t i v e  of t h e  marg ina l  damage curve  corresponding 
t o  segment 1 (. 5 P 1 .0)  i n t e r s e c t s  t h e  marginal  c o s t  curve 
o u t s i d e  t h a t  segment, s o  t h a t  t h e  i n t e r s e c t i o n  should be ignored . )  
Before summarizing t h e  r e s u l t s  of s i m i l a r  computations f o r  a l l  
four  c i t i e s  f o r  both  low and high assumptions  about  t h e  e x t e n t  t o  which 
" l o s t "  p roduc t ion  and s a l e s  a r e  s imply d e f e r r e d  t o  l a t e r  pe r iods  of l e s s  
than  f u l l  employment, we r e c a l l  t h a t  because t h e  average  annual  damages 
were q u i t e  l a r g e  ( f o r  smal l  P) and h i g h l y  v a r i a b l e ,  we suggested t h e  
d e s i r a b i l i t y  of i n c l u d i n g  i n  t h e  damage f u n c t i o n  some measure of t h a t  
v a r i a b i l i t y .  To i l l u s t r a t e  t h e  e f f e c t  of such a  move, we have c a l c u l a t e d  
op t imal  P ' S  f o r  damage f u n c t i o n s  based on expected annual  damages plus  
one h a l f  of t h e  s t a n d a r d  d e v i a t i o n  of annual  damages, a s  w e l l  a s  f o r  t h e  
s imple  expected annual  damage f u n c t i o n  a lone .  These r e s u l t s  a r e  s e t  o u t  
i n  Tab le  4-6 ,  where we show f o r  each c i t y  t h e  key parameters  of damage 
and c o s t  f u n c t i o n s ,  t h e  opt imal  removal c a p a b i l i t y ,  P, and t h e  va lue  of 
P  t aken  from Figure  4-4, used i n  e s t i m a t i n g  t h e  o r i g i n a l  u n i t  c o s t  curve.  
While none of t h e  r e s u l t s  a r e  p a r t i c u l a r l y  s t a r t l i n g ,  s e v e r a l  comparisons 
a r e  of i n t e r e s t .  F i r s t ,  t h e  c a l c u l a t e d  "optimal" P ' S  do n o t  a g r e e  w e l l  
w i t h  t h e  P i s  es t imated  from F i g u r e  4-4 f o r  any s i n g l e  cho ice  of p  and 
damage f u n c t i o n  form. Thus, f o r  N a s h v i l l e  and E v a n s v i l l e ,  agreement 
between t h e s e  two numbers i s  c l o s e s t  f o r  p  = . 9 ,  and u s i n g  expected 
damages on ly .  Under those  same c o n d i t i o n s ,  agreement i s  l e a s t  good 
f o r  Worcester  and Rockford. For Rockford,  t h e  c l o s e s t  f i t  i s  f o r  P  = .1, 
u s i n g  expected damages o n l y ;  f o r  Worces te r ,  P  = . l ,  u s i n g  expected 
damages p lus  t h e  s t andard  d e v i a t i o n .  No p a t t e r n  seems d e t e c t a b l e  i n  
t h e s e  d i s c r e p a n c i e s .  
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Second, and more impor t an t ,  t h e  opt imal  P ' S  a r e  q u i t e  s e n s i t i v e  
bo th  t o  t h e  d e f e r r a l  assumption and t o  t h e  form of t h e  damage func t i on .  
Thus, changing t h e  d e f e r r a l  assumption from p  = .1 t o  p  = . 9  and us ing  
expected damages on ly ,  t h e  opt imal  va lue  of P f a l l s  by a  f a c t o r  of about 
.55  ( .  65 f o r  Worcester) .  For p  = .l, t ak ing  account  of t he  s t anda rd  
d e v i a t i o n  of annual  damages, r e s u l t s  i n  an i n c r e a s e  of about 25 percent  
i n  t h e  opt imal  va lue  of P (10 percen t  f o r  Worcester) .  
The d i f f e r e n c e s  between t h e  c i t i e s  f o r  any p a r t i c u l a r  combination 
of p  and damage f u n c t i o n  form a r e  t r a c e a b l e  t o  d i f f e r e n c e s  i n  "dest iny1 '  
( b a s i c a l l y  t h e  r e l a t i o n  between popula t ion  and road mi les )  o r  t o  t he  r e -  
corded snowfa l l  p a t t e r n .  Thus, Evansv i l l e  and Nashv i l l e  have very s i m i l a r  
snow environments accord ing  t o  our generated r e c o r d s ,  but  Nashvi l l e  has 
roughly twice a s  many people per m i l e  of s t r e e t s  maintained (630) a s  
does Evansv i l l e  (290) ,1 /  and t h e  cp t imal  removal c a p a b i l i t y  f o r  Nashv i l l e  
i s  about  1.25 t imes t h a t  f o r  Evansv i l l e  under a l l  f o u r  combinations of 
assumptions.  On t h e  o the r  hand, Evansv i l l e  and Rockford a r e  s i m i l a r  i n  
terms of popula t ion  per mile  of s t r e e t  maintained (bo th  about 290),  but 
Rockford has both a  h igher  average annual snowfa l l  and a  lower opt imal  
removal c a p a b i l i t y .  Th is  i s  exp la ined  by a  d i f f e r e n c e  i n  snowfa l l  p a t t e r n s ,  
w i th  Rockford having a  p a t t e r n  of hour ly  f a l l s  such t h a t  i t s  l o s s e s  f a l l  
r e l a t i v e l y  more r a p i d l y  a s  P  i s  i nc r ea sed .  Worcester w i th  about seven 
t imes t h e  average annual  snowfa l l  of Nashv i l l e  i s  none the less  s i m i l a r  t o  
Nashv i l l e  both i n  popula t ion  per mi le  of s t r e e t s  mainta ined (520) and,  
1/ Using 1960 popula t ion  and 1969 s t r e e t  mi les .  
- 
more s u r p r i s i n g l y ,  i n  opt imal  va lues  of P under d i f f e r e n t  combinations 
of assumptions.  This  i s  evidence of t h e  under ly ing  s i m i l a r i t y  i n  t h e  
d i s t r i b u t i o n s  of hour ly  snowfa l l  r a t e s ;  we have a l r e a d y  noted t h a t  f o r  
both Worcester and Nashv i l l e ,  t h e  90 percent  hou r ly  f a l l  was about  1 .0  
i nch  over our per iods  of record .  
A s  we warned a t  t h e  o u t s e t ,  our  r e s u l t s  a r e  based on too  many 
assumptions and approximations t o  be u s e f u l  a s  planning guides  even f o r  
t he  c i t i e s  uned i n  t h e  sample. It does ,  however, seem reasonable  t o  
conclude t h a t  d e c i s i o n s  about  t h e  opt imal  l e v e l  of adjustment  t o  t he  
urban snowfa l l  hazard could be accomplished i n  t h i s  manner, g iven b e t t e r  
unders tand ing  of t h e  c o s t s  of main ta in ing  a  p a r t i c u l a r  adjustment  l e v e l e l /  
I n  such  an  e f f o r t ,  i t  would probably be worthwhile t a k i n g  i n t o  account  
t he  s tandard  d e v i a t i o n  of annual  l o s s e s ,  though j u s t  how h e a v i l y  t h i s  
f a c t o r  should be weighted i s  a  mat te r  f o r  l o c a l  dec i s i on .  
On t h e  o the r  hand, i t  may very we l l  be t h a t  t h e  l a r g e s t  payoffs  
would come from apply ing  t h i s  ba s i c  model t o  a  ve ry  d i f f e r e n t  kind of 
ad jus tment - - tha t  i nvo lv ing  ex t ens ive  s h u t t i n g  down of urban s t o r e s ,  
s choo l s ,  o f f i c e s ,  e t c . ,  t o  a l low a  more l e i s u r e l y  a t t a c k  on t h e  accumulated 
snow. Es t imat ing  of c o s t s  of s lower  snow-f ight ing i s  s t r a i gh t fo rwa rd  
enough, but de te rmin ing  t h e  l o s s e s  r e s u l t i n g  from vary ing  per iods  of 
shutdown would be d i f f i c u l t .  One r e l e v a n t  t h i n g  we have a l r e a d y  lea rned  
i s  t h e  p o t e n t i a l  importance of a l lowing  f o r  d e f e r r a l  of " l o s t "  product ion 
and s a l e s .  This  would have a n  even more d ramat ic  impact on t h e  r e s u l t s  of 
looking a t  t h e  shutdown adjustment .  
1/ And, of course ,  g iven t h e  assumption t h a t  t h e  b a s i c  aim i s  t o  
- 
main ta in  normal t r a f f i c  and r o u t i n e .  
Appendix t o  Chapter  4 
O u t l i n e  of  Damage Computation Procedure  
1. Data  assumed t o  be t h e  same f o r  a l l  y e a r s  f o r  a  g i v e n  c i t y  and c h o i c e  
of removal c a p a b i l i t y  (P )  i . e .  f o r  each  "run": 
P  = Snow removal c a p a b i l i t y  
LW = T r i p  l e n g t h s  f o r  workers  
LN = T r i p  l e n g t h s  f o r  nonworkers 
PW = Passengers  per c a r  
PI = L o s t  wages parameter  = f r a c t i o n  of v a l u e  added accounted 
f o r  by wages 
RO = L o s t  p roduc t ion  parameter  = f r a c t i o n  of " l o s t "  p roduc t ion  
d e f e r r e d  t o  l a t e r  pe r iod  w i t h  l e s s  than  f u l l  employment. 
2 .  Data  r ead  i n  f o r  each  y e a r  of a  g i v e n  run :  
R = Radius of c i t y  
W = Hourly  wages (Cons tan t  D o l l a r s )  
E = Employment 
A = Automobile r e g i s t r a t i o n  
Z = Commercial t r a f f i c  volume a s  a  p e r c e n t  of t o t a l  t r a f f i c  volume. 
3 .  Snowfal l  d a t a  r e a d  i n  by hour f o r  J a n u a r y ,  F e b r u a r y ,  March, A p r i l ,  
November, December over pe r iod  of 11 t o  19 y e a r s  depending on c i t y :  
4. Temperature d a t a  a v a i l a b l e  f o r  e v e r y  t h r e e  hours  of a l l  days  on which 
snow occur red  over  t h e  , p e r i o d .  
5. L i s t  of v a r i a b l e s  used i n  c a l c u l a t i o n s :  
B = Speed f a c t o r  exponent parameter 
TW = Number of work- re la ted  t r i p s / h o u r  
TN = Non-work-related t r i p s  /hour 
D ( t ) =  Hourly  snow accumulat ions  
FST = Speed f a c t o r  
PVT = Volume f a c t o r  
VWO = Normal worker t r a v e l  volume/hour [ ~ ( t )  = 0 a  
VNO = Normal nonworker t r a v e l  volume/hour @ ( t )  = 0 8  
BT = Absences ( f r a c t i o n  of employment) 
EB = Absences (number) 
EBB = Storm t r a v e l  volume cor rec t ion-work  t r i p s  
VWT = Storm volume worker t r a v e l  k ( t ) >  07 
VNT = Storm t r a v e l  volume-nonworkers @ ( t ) ? l  
VC = Commercial t r a v e l  volume 
SW = T r i p  speed-workers 
SN = T r i p  speed-nonworkers 
VA = Value of " l o s t  product ion1 '  
TC = T r a v e l  c o s t s  avoided by d e t e r r e d  worker 
AWO = Cost  of worker t r a v e l  per m i l e  E ( t )  =a 
AN0 = Cost  of nonworker t r a v e l  per  m i l e E ( t )  = 
AWT = Cost  of worker t r a v e l  p e r  m i l e  E ( t ) )  
ANT = Cost of nonworker t r a v e l  per  mule E ( t ) ) g  
DWA = Damages due t o  worker absence  ( " l o s t "  p roduc t ion)  
DDN = Hourly damages due t o  d e t e r r e d  nonworkers 
DH = T o t a l  h o u r l y  damages 
6. C a l c u l a t i o n  of "normal" t r a f f i c  volumes and c o s t s  (when D ( t )  = 0 )  : 
TW = . 0 6 2 5 ~ . ' ~ ~  
TN = .947 TW 
vwo = TW (LW) 
VNO = TN (LN) 
vc = Z(vw0 + VNO) 
AWO = . O ~ ( S W ) - * ~ ~ ~  + .45(SW) -1.09 w +-  
SW 
(Where t h e  f i r s t  te rm r e p r e s e n t s  o p e r a t i n g  c o s t s ,  t h e  second 
expec ted  l o s s e s  from a c c i d e n t s  and t h e  t h i r d ,  t h e  v a l u e  of 
t h e  d r i v e r ' s  t i m e . )  AN0 i s  e v a l u a t e d  s i m i l a r l y  excep t  W 
need n o t  be used t o  v a l u e  a n  hour  of t h e  nonworking d r i v e r ' s  
t ime.  We d i d  use  W f o r  l a c k  of a  compel l ing  r e a s o n  t o  u s e  
s ome o t h e r  number. ) 
7.  Convers ion of s n o w f a l l s  i n t o  accumula t ions :  
b u t  D ( t )  ) 0 a lways .  
-.c- 
8 .  C a l c u l a t i o n  of impact of snow accumula t ion  on t r a f f i c  speed and 
volume i n  hour  t .  
b) FST = e -BD( t) 
(note that if D(t) = 0, FST = 1; as D(t) $ + a,, FST 3 0) 
c) FVT = 1.0 - .022 D(t) 
FST 
(But FVT is constrained to be a1ways)O.) 
9. Calculation of impact of snow accumulation on worker absences: 
(But BT is constrained to be always< 1.) 
- 
b) EB=E(BT) 
d) VWT = VWO - EBB 
(But VWT is constrained to be always> 0. ) 
- 
10. Calculation of nonworker traffic volume during storm hour t: 
VNT = FVT (VNO) 
11. Traffic costs in storm-hour t ($/mile): 
AWT = .08 (SW . F S T ) - ' ~ ~ ~  + .45 (SW . FST)"'~~ + W 
SW . FST 
(Similarly for ANT.) 
12. "Lost" production damages due to workers deterred by storm from 
travel to work: 
(W . EB) 
VA = 
1 - PI 
W 
TC = EBB (AWO - - 
S W 
BWA = VA (1 - RO) - TC 
13. Other hou r ly  damages: 
CHW = VWT (AWT - AWO) inc r ea sed  worker t r a v e l  c o s t  
CHN = VNT (ANT - ANO) inc r ea sed  nonworker t r a v e l  c o s t  
CHC = VC (AWT - AWO) inc r ea sed  commercial t r a f f i c  t r a v e l  c o s t  
(VNO - VNT) (ANT - ANO) 
DDN = 
2 
( v a l u a t i o n  of nonworker t r i p s  prevented)  
14. To t a l  hou r ly  damages: 
DH = (HW + CHN + CHC + DWA +DDN) 
CHAPTER 5 
MUNL CI PAL SNOW HAZARD ADJUSTMENT 
David G. Arey 
In this chapter, we focus our attentions on two related aspects of 
the urban snow hazard problem: This first is the nature of the organiza- 
tional response to snow events, and the second is the structure of the 
costs of various combinations of responses and the way in which these 
costs are aggregated and expressed in a common measure of snow control. 
In the Pall of 1968 questionnaires were mailed to the street super- 
intendents of about 300 communities in the United States. The conununi- 
ties were chosen on the basis of their size, greater than 10,000 popula- 
tion, and their location in regions of the country which experience snow- 
fall with some annual regularity. Questionnaires were returned by 178 
communities. Not all questionnaires were completely filled in so that the 
number of respondents varies in many of the simple tabular analysis presen- 
ted below. Out of the 178 questionnaires returned we were able to glean 
48 that were filled in with sufficient detail so that the results could 
be used in an analysis of cost for snow control. 
In addition to the results from the mail questionnaire we have used 
data provided by the intensive interviews undertaken in the six-city sample 
described in Chapter 1. 
Organizational Responses to Snow Hazard 
The term organizational response is used to designate any action 
which can be taken by administrators of snow control programs which does 
not involve equipment and its use. 
The simplest and perhaps most elementary of policy actions is estab- 
lishing interdepartmental cooperation in the city government to better deal 
w i t h  t h e  snow hazard .  Expectedly ,  t h i s  was t h e  most f r e q u e n t  o rgan iza -  
t i o n a l  a c t i o n  of a l l  w i t h  103 communities (70%) having a  formal p o l i c y  
of i n t e r d e p a r t m e n t a l  c o o p e r a t i o n  o u t  of t h e  149 communities which responded 
t o  t h a t  p a r t i c u l a r  q u e s t i o n .  
The second most f r e q u e n t  p o l i c y  a c t i o n  was t h e  c r e a t i o n  of a n  au tho-  
r i t y  t o  d e c l a r e  "snow emergencies" d u r i n g  which s p e c i a l  r u l e s  app ly  t o  
t r a f f i c  and m o t o r i s t s .  There were 100 communities (64%) i n  which t h i s  
a u t h o r i t y  e x i s t e d  o u t  of 157 responding t o  t h a t  p a r t i c u l a r  q u e s t i o n .  The 
kind of l e g a l  m o d i f i c a t i o n s  r e p o r t e d  a r e  shown i n  Table  5-1. 
TABLE 5-1 
ACTIONS TAKEN DUKING "SNOW EMERGENCIES" 
Type of A c t i o n  
Communities 
Number % 
1. Parking bans a s  on ly  a c t i o n  23 2  3  
2. E a r l y  p l a n t ,  o f f i c e  o r  s t o r e  employee 
d i s m i s s a l  a s  on ly  a c t i o n  
3. Combinations of such t h i n g s  a s  1 and 2  
above,  and r e q u i r i n g  snow t i r e s ,  d e s i g -  
n a t i o n  of "snow c o r r i d o r s " ,  e t c .  7  1 7  1 
T o t a l :  100 
A more s o p h i s t i c a t e d  s t e p  f o r  a  community t o  t a k e ,  but  we t h i n k  a n  
impor tan t  one,  i s  t h e  c r e a t i o n  of a  p r i n t e d  "snow plan" o r  "s tandard 
o p e r a t i n g  procedure" f o r  o r g a n i z i n g  t h e  community's e f f o r t s  i n  snow con- 
t r o l .  Of t h e  148 communities which answered a  query r e g a r d i n g  p r i n t e d  
p l a n s ,  8 1  (54%) had a  p lan  and 67 (46%) d i d  n o t .  The c o n t e n t  and meaning 
of t h e s e  p lans  a r e  d i s c u s s e d  l a t e r .  
Costs  of Snow Cont ro l  
A look a t  t h e  s t r u c t u r e  of snow c o n t r o l  c o s t s  may i n d i c a t e  t h e  most 
f r u i t f u l  a r e a s  f o r  f u r t h e r  a n a l y s i s  of t h e  t o t a l  c o s t s  of snow c o n t r o l .  
From i n t e r v i e w  i n f o r m a t i o n  i n  t h e  s i x - c i t y  sample, i t  i s  c l e a r  t h a t  of t h e  
t h r e e  c a t e g o r i e s  of l a b o r ,  equipment and m a t e r i a l s ,  m a t e r i a l s  a r e  most 
i m p o r t a n t ,  followed by l a b o r  and t h e n  by annua l  equipment expenses (Tab le  
TABLE 5-2 
MUNICI PAL SNOW EXPENDITURES FOR WINTER 
OF 1968 - 1969 I N  SIX CITIES 
( i n  thousands of d o l l a r s )  
- - 
CITY LABOR EQUI PMENT MATERIALS TOTAL 
Worcester  110 7  5 
Canton 1 40 2  8  
Rockf ord 7  0  3 
U t i c a  
N a s h v i l l e  
Evans v i  1 l e  
TOTALS 27 5 137 47 5 887 
'1967-68 d a t a  
T h i s  t a b u l a t i o n  g i v e s  us a  s t a r t i n g  p o i n t  f o r  our  i n v e s t i g a t i o n  of 
t h e  c o s t s  of snow c o n t r o l .  I f  c o s t s  a r e  t o  be reduced,  t h e n  t h e  a r e a  of 
m a t e r i a l s  - l a r g e l y  chemicals  - i s  a  p o s s i b l e  p lace  t o  begin.  The ques- 
t i o n  was r a i s e d  a s  t o  whether o r  no t  t h e  v a r i a t i o n  i n  use  of chemicals ,  
a long  w i t h  v a r i a t i o n s  i n  t h e  kinds  of equipment used by communities, has  
any b e a r i n g  on t h e  average  c o s t  of t h e  snow c o n t r o l  program given a  s e t  
of c o n s i s t e n t  o b j e c t i v e s  r e g a r d i n g  t h e  d e s i r e d  snow removal c a p a b i l i t y  
of each c i t y  i n  our  survey.  The assumption i s  made t h a t  each  community 
i s  spending a t  l e a s t  a s  much a s  i t  needs t o  meet i t s  own goa l  r e g a r d i n g  
snow c o n t r o l  - o r  t h a t  i t  has  achieved i t s  goa l  t o  t h e  e x t e n t  t h a t  i t  
b e l i e v e s  a d d i t i o n a l  e x p e n d i t u r e s  w i l l  n o t  be b e n e f i c i a l .  
The c o s t s  of snow c o n t r o l  a r e  borne mainly by t h e  community a t  
l a r g e  v i a  t h e  a c t i o n s  of munic ipa l  government. An e f f o r t  was made t o  
d i s c o v e r  t h e  e x t e n t  of t h i s  c o s t  and t h e  reasons  f o r  i t s  v a r i a t i o n  from 
p lace  t o  p lace .  The measurement used t o  compare c o s t s  was d o l l a r s  per  
i n c h  of snow per m i l e  of s t r e e t  plowed i n  a n  average  y e a r .  Th i s  f i g u r e  
was compiled f o r  48 of t h e  176 sample c i t i e s  by c a l c u l a t i n g  average  snow 
e x p e n d i t u r e s  of t h e  p a s t  f i v e  y e a r s ,  then  d i v i d i n g  t h i s  q u o t i e n t  by a v e r -  
age  s n o w f a l l  i n  i n c h e s ,  and f i n a l l y  d i v i d i n g  again.  by t h e  number of s t r e e t  
m i l e s  c l e a r e d ,  plowed o r  t r e a t e d  by each community.&/ The f i r s t  s t e p  i n  
t h i s  c a l c u l a t i o n  was done t o  smooth o u t  p o s s i b l e  y e a r s  of e x c e p t i o n a l  
e x p e n d i t u r e  f o r  c a p i t a l  goods which might n o t  have been d i r e c t l y  r e l a t e d  
t o  a  s i n g l e  y e a r ' s  expected snow f a l l .  Th i s  s t a t i s t i c  i s  an  a r t i f i c i a l  
f i g u r e  i n  which t h e  e x c e p t i o n a l  c o s t s  and snow f a l l s  have been smoothed 
over  f i v e  snow seasons .  Even w i t h  t h e s e  s t e p s  t aken  t o  smooth t h e  d a t a  
t h e r e  were c o n s i d e r a b l e  v a r i a t i o n s ,  s e e  Table  5-3. 
I n  e f f o r t  t o  account  f o r  t h e  v a r i a t i o n  i n  t h e  inch-mile  c o s t s ,  a n  
e l a b o r a t e ,  bu t  u n f o r t u n a t e l y  i n c o n c l u s i v e ,  l i n e a r  r e g r e s s i o n  model was 
des igned t o  de te rmine  whether o r  n o t  t h e  d i f f e r e n c e s  i n  c o s t s  could be 
exp la ined  by such v a r i a b l e s  a s  conges t ion  of t r a f f i c  i n  normal t i m e s ,  t h e  
snow f i g h t i n g  s t r a t e g y  used ( i . e . ,  s a l t i n g  v e r s u s  plowing) ,  whether or 
1/ Average Annual Cost  per i n c h  per m i l e  = f c o s t s  over  5  y e a r s  
- 2 Snowfall  over  5  y r s  m i l e s  o f  
- 
- .  -. s t r e e t  plowed 
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not snow was removed, the frequency and relative severity of storms, and 
the variations in organization for snow fighting (i.e., the extent of plan- 
ning, legal actions, inter-city coordination, et~.). 
The results of this exercise were inconclusive with only 30% of the 
variation in costs explicable by differences in the variables. Nevertheless, 
some useful information was obtained from the results of the statistical 
effort by examining the possible reasons for its explanatory impotence. 
Three possible reasons emerge as to the model's failure to account for a 
significant proportion of the variation in snow control costs. The first 
is that there is undoubtedly a considerable variation in the way in which 
the costs of snow control are tabulated and reported in the cities. 
In some municipalities careful efforts are made to separate snow 
control expenditures from other highway expenses faced by the community. 
The accounting problems confronting the typical operating department in 
any city government are numerous. As was demonstrated in an earlier Chapter, a 
significant part of this problem is the extent to which equipment is 
depreciated over time and the measurement of what constitutes "more than 
normal" labor costs in snow control situations. Added to these problems 
are the familiar difficulties associated with recording critical infor- 
mation during times of stress. Despite admonitions to the contraryll 
it is doubtful that many cities keep detailed records of separable snow 
control costs. Evidence from the questionnaire survey suggests that 
municipalities rely on ex poste facto estimations of snow control costs 
except in a few clearly separable categories of costs such as chemicals, 
single purpose snow control equipment, special overtime pay, etc. Despite 
the scholars desire for more consistent and comparable data it is not 
clear at this juncture that there high pay-offs to snow control managers 
which would result simply from better record keeping. Marginal returns 
-. 
t o  t ime s p e n t  i n  o t h e r  o rgan i za t i ona l  t a s k s  a r e  l i k e l y  t o  be h igher  than  
t hose  acc ru ing  t o  t h e  record keeping e f f o r t  a s  w i l l  be d i scussed  l a t e r .  
Another source  of v a r i a t i o n  i n  t h e  c o s t s  r epo r t ed  i n  t h e  q u e s t i o n n a i r e  
invo lves  t h e  problem t h a t  whi le  f i s c a l  year  c o s t s  and t h e  c o s t s  i ncu r r ed  
du r ing  a  snow season may indeed co inc ide  t h e r e  i s  every  reason t o  be l i eve  
t h a t  we have a  cons ide r ab l e  number of cases  i n  which ca lendar  year  c o s t s  
were r epo r t ed .  This  second piece of s c h o l a r l y  mis for tune  was perhaps 
unavoidable  because of t h e  ca lendar  yea r  o r i e n t a t i o n  of most small c i t y  
government account ing  se t -ups .  
The second source  of pos s ib l e  e r r o r  i s  t h a t  our measurements of t he  
f a c t o r s  i n f l u e n c i n g  c o s t s  were inadequa te  o r  prone t o  mismeasurement. The 
mismeasurement of t h e s e  f a c t o r s  i s  a  r e s u l t  of s e v e r a l  problems. C i t i e s  
use mul t ipurpose s t r e e t  equipment i n  a  wide v a r i e t y  of ways and i n  numerous 
combinations wi th  s i n g l e  purpose snow c o n t r o l  equipment. For example, our 
survey  asked f o r  t h e  number of t r ucks  which each c i t y  operated and t h e  
amount of t ime t h e s e  t r u c k s  were used i n  snow c o n t r o l  a c t i v i t y .  This  a t  
f i r s t  seems a  s t r a i gh t fo rwa rd  ques t i on .  A moment's r e f l e c t i o n  on t h e  
v a r i e t y  of ways i n  which t r ucks  can be used i n  snow c o n t r o l  a s  i n d i v i d u a l  
p ieces  of equipment and i n  combination w i th  o the r  equipment sugges t s ,  how- 
e v e r ,  t h a t  c i t y  t o  c i t y  comparison of t h e  s t a t i s t i c s  on t r uck  numbers and 
usage may be a  f r u i t l e s s  t a sk .  Moreover, whi le  t h e  survey  made a n  e f f o r t  
t o  s e g r e g a t e  d a t a  r e l a t i n g  t o  snow plows and chemical lsand sp r eade r s ,  we 
b e l i e v e  t h a t  some double count ing  of t h e s e  s p e c i a l  purpose p ieces  of 
equipment and t h e  f i g u r e  f o r  t r uck  usage was i n e v i t a b l e  on t h e  p a r t  of t he  
respondents .  
Another phase of ope ra t i ons  prone t o  mismeasurement was t h a t  r e l a t i n g  
t o  t h e  mileage of s t r e e t s  plowed du r ing  snow storms.  C l e a r l y  he r e  i s  a  
f u r t h e r  example i n  which t h e  m u l t i t ude  of s t r a t e g i e s  open t o  managers 
preven ts  t h e  p r e s e n t a t i o n  of a  s i n g l e  unambiguous s t a t i s t i c .  This  might 
be s a i d  of a  s i n g l e  c i t y  from s to rm t o  s to rm w i t h  t h e  va lue  of g e n e r a l i z e d  
d a t a  becoming l e s s  and l e s s  u s e f u l  a s  t ime and numbers of su rvey  s i t e s  
i n c r e a s e s .  
F i n a l l y ,  p a r t  of t h e  mismeasurement problem undoubtedly a l s o  r e l a t e s  
t o  t h e  kind of i n f o r m a t i o n  systems which c i t i e s  have f o r  d e a l i n g  w i t h  n a t -  
u r a l  e v e n t s  and t h e  c o s t s  a s s o c i a t e d  w i t h  a m e l i o r a t i n g  t h e s e  e v e n t s .  One 
may ponder whether o r  n o t  c i t i e s  know t h e  c r u c i a l  e lements  of t h e  c o s t s  of 
snow c o n t r o l  i n  a n y t h i n g  more t h a n  a  g e n e r a l  way. For example, i t  may be 
t h a t  because of t h e  many p o s s i b l e  v a r i a t i o n s  i n  t h e  c o n d i t i o n s  of snowfa l l , .  
i t s  m o i s t u r e  c o n t e n t  and accumulat ion,  t h e  acfompanying weather  e lements ,  
such a s  wind and t empera tu re ,  t h e r e  may be l i t t l e  t o  be gained from u s i n g  
c o s t s  per  average  inch  of snow a s  a n  a n a l y t i c  t o o l .  
The t h i r d  and r e l a t e d  reason  f o r  t h e  f a i l u r e  of our  model t o  e x p l a i n  
e f f e c t i v e l y  t h e  c o s t  v a r i a t i o n s  from p l a c e  t o  p lace  i s  t h a t  conven t iona l  
hypotheses  abou t  snow c o n t r o l  c o s t s  a r e  somehow fundamental ly  e r roneous .  
The l e a d i n g  s o u r c e  of doubt i n  t h e  hypotheses  which t h e  model made an  
e f f o r t  t o  t e s t  i s  our  n o t i o n s  abou t  t h e  e x t e n t  t o  which c o s t  r e d u c t i o n  can  
be accomplished by i n c r e a s e s  i n  t h e  t e c h n o l o g i c a l  c a p a b i l i t y  which a  c i t y  
b r i n g s  t o  bear  on t h e  snow c o n t r o l  s i t u a t i o n .  We t a k e  t h e  i n e f f e c t i v e n e s s  
of our  model a s  ev idence  t h a t  t h e  mix of technology,  i n  t h e  form of equip-  
ment and s t r e e t  t r e a t m e n t  m a t e r i a l s ,  w i t h  o r g a n i z a t i o n a l  s t r a t e g y  and 
f l e x i b i l i t y  does not  p lay  i t s e l f  o u t  i n  t h e  environment i n  any p r e d i c t a b l e  
way. For example, i n i t i a l l y  we b e l i e v e d  t h a t  d i f f e r e n c e s  between p laces  i n  
t h e  s t r a t e g i e s  and t echn iques  of removal v e r s u s  non-removal of snow, s a l t i n g  
v e r s u s  plowing, t h e  use  of snow r o u t e s  a s  opposed t o  o t h e r  s h i f t s  i n  t r a v e l  
behav ior ,  would l e a d  t o  p r e d i c t a b l e  changes i n  s t r e e t - m i l e  c o s t s  of snow 
c o n t r o l .  I t  now a p p e a r s  t h a t  t h e  s e a r c h  f o r  c o n s i s t e n c y  i s  more complex 
t h an  we f i r s t  thought  o r  t h a t  t h e r e  i s  s o  much v a r i a t i o n  in t h e  measure- 
ments and /or  t h e  making of measurements a s  mentioned above renders  t h e  
s e a r c h  a  hope less  t a sk .  
There a r e  a  g r e a t  v a r i e t y  of ways i n  which r e sou rce s  may be combined 
w i t h  a  g r e a t  v a r i e t y  of o b j e c t i v e s  i n  t h e  f a c e  of complex and i l l - d e f i n e d  
d i f f e r e n c e s  i n  snow environments.  Th is  produces a  s i t u a t i o n  i n  which 
seek ing  a  s e t  of s imple  and c o n s i s t e n t  d a t a  which w i l l  po in t  t o  t h e  d i r e c -  
t i o n  of c o s t  minimizat ion i n  snow c o n t r o l ,  i s  probably no t  j u s t i f i e d  by 
t h e  r e t u r n s  t o  be expected from t h e  e f f o r t .  
Given t he  myriad ways i n  which t h e  v a r i a t i o n s  i n  snow cond i t i ons  i n  
t h e  phys ica l  environment may i n t e r a c t  w i th  t h e  numerous and complex means 
of snow c o n t r o l ,  t h e  cho ice  of a  p a r t i c u l a r  c o s t  t o  minimize o r  e f f o r t  t o  
maximize becomes hazardous,  i f  none t h e  l e s s  p ress ing .  
L e t  us assume f o r  t h e  moment t h a t  c i t i e s  do no t  have h igh ly  a c c u r a t e  
r e co rds  of a l l  t h e  pos s ib l e  causes f o r  v a r i a t i o n  i n  snow c o n t r o l  c o s t .  
F u r t h e r ,  l e t  us assume t h a t  a d d i t i o n a l  e f f o r t s  a long  account ing  l i n e s  t o  
accumulate records  may or  may no t  pay o f f .  I f  we combine t he se  no t ions  w i th  
our  i n fo rma t ion  regard ing  t h e  gene ra l  s t r u c t u r e  of t h e  c o s t s  of snow c o n t r o l  
mentioned above, we may be a b l e  t o  provide some i n s i g h t  t o  t he  s ea r ch  f o r  
a l t e r n a t i v e  ways of a d j u s t i n g  t o  t h e  snow hazard.  
Planning f o r  Snow Cont ro l  
I n  o rde r  t o  de lve  f u r t h e r  i n t o  t h e  pos s ib l e  sources  of c o s t  v a r i a t i o n  
from c i t y  t o  c i t y  and t o  provide background f o r  examining a l t e r n a t i v e  a d j u s t -  
ments t o  snow, a  c r i t i c a l  a n a l y s i s  was completed of t h e  snow' c o n t r o l  p lans  
i n  16 c i t i e s .  A l i s t  of t h e s e  c i t i e s  i s  shown i n  Table  5-4. 
The t y p i c a l  snow c o n t r o l  p lan i s  an  ope ra t i ons  o r i en t ed  document which 
t r i e s  by p r e - cons ide r a t i on  t o  minimize t h e  confusion a t t e n d a n t  w i th  a  snow 
TABLE 5-4.  LIST OF SNOW CONTROL PLANS REVIEWED 
A l t o n ,  I l l i n o i s  
C i n c i n n a t i ,  Ohio 
Counc i l  B l u f f s  , Iowa 
Dayton, Ohio 
D e c a t u r ,  I l l i n o i s  
D e t r o i t ,  Michigan 
Durham, North C a r o l i n a  
J o l i e t ,  I l l i n o i s  
Kalamazoo, Michigan 
Kansas C i t y ,  M i s s o u r i  
Nor fo lk ,  V i r g i n i a  
S e a t t l e ,  Washington 
Sou ix  C i t y ,  Iowa 
Tacoma, Washington 
Tren ton ,  New J e r s e y  
Wi lkes  B a r r e ,  Pennsy lvan ia  
s torm.  The r o u t e s  of each v e h i c l e  i n  t h e  snow c o n t r o l  e f f o r t  i s  s p e l l e d - o u t .  
S p e c i f i c  personnel  r e a d i n e s s  and t a s k  ass ignments  a r e  l i s t e d .  They a r e  i n  
essence  a  cook book of t h e  q u a n t i t i e s  of men and m a t e r i a l  which a r e  t o  swing 
i n t o  a c t i o n  a t  a  t ime t h a t  h i g h e r  a u t h o r i t y  deems a p p r o p r i a t e .  The perform- 
ance of a c t i v i t i e s ,  accord ing  t o  p l a n ,  has  been wide ly  advocated y e t  we may 
wonder i f  t h e  ve ry  e x i s t e n c e  of a  p lan  might n o t  d e t e r  p o l i c y  makers from 
examining a  wider  range of c h o i c e ,  j u s t  a s  a  r e c i p e  may d e t e r  t h e  cook from 
wide r a n g i n g  i n n o v a t i o n s .  
Because p lans  f o r  snow c o n t r o l  a r e  o p e r a t i o n s  o r i e n t e d ,  one would expect  
t o  f i n d  l i t t l e  i n f o r m a t i o n  r e g a r d i n g  a  major c o s t  i t e m  i n  t h e  snow c o n t r o l  
budget - m a t e r i a l s .  We should t h i n k  t h e n  t h a t  t h e  min imiza t ion  of l a b o r  c o s t s  
would be t h e  i n t e n t  of making t h e  p lans .  A s e a r c h  of t h e  1 6  p lans  f o r  s p e c i f i c  
t ime s a v i n g  s t r a t e g i e s ,  o r  p o i n t s  of f l e x i b i l i t y  i n  t h e  p lans  were changing 
e v e n t s  could  be t aken  i n t o  account  t o  maximize t h e  speed of o p e r a t i o n s ,  was 
n o t  a s  f r u i t f u l  a s  might be expected.  Only s i x  o u t  of t h e  16 p lans  mentioned 
o p e r a t i o n a l  speed o r  f l e x i b i l i t y .  This  r e i n f o r c e s  t h e  o b s e r v a t i o n  made i n  
Chapter  4 t h a t  t h e r e  a r e  many judgments r e l a t e d  t o  s p e c i f y i n g  " r e l e v a n t  c o s t s "  
i n  snow c o n t r o l .  Again one may q u e s t i o n  whether o r  n o t  t h e  development of 
p lans  which s p e c i f i c a l l y  recognized t h e  importance of time r e d u c t i o n ,  a long  
w i t h  d e l i b e r a t e  manipu la t ion  of removal c a p a b i l i t y ,  might be worthwhile.  
Because of t h e  c o s t  s t r u c t u r e ,  t ime r e d u c t i o n s  a t  g i v e n  l e v e l s  of a d j u s t -  
ment might w e l l  be t h e  c r i t e r i a  f o r  judging d i f f e r e n t  snow removal c a p a b i l i t i e s .  
For  example, a  p i e c e  of equipment t h a t  promises complete removal of snow a t  
a  l a r g e  i n c r e a s e  i n  t h e  t ime r e q u i r e d  t o  do t h e  t a s k ,  i s  probably n o t  a s  
e f f i c i e n t  ( i n  terms of l o s s e s  o r  damages avoided)  a s  a  p iece  which o p e r a t e s  
r a p i d l y  but  a t  some l e v e l  l e s s  t h a n  t o t a l  c l e a r i n g .  The snow removal p lan  
which s t r e s s e s  d e t a i l  of c l e a r i n g  assignment ( o f t e n  a  s t r a t e g y  favored because 
i t  l i k e l y  reduces  t h e  number of complaints)  probably  l e a d s  t o  h i g h e r  economic 
l o s s e s  t h a n  a  p l a n  which i n c r e a s e s  t h e  speed of t h e  removal o p e r a t i o n .  The 
consc ious  e f f o r t  t o  t r a d e - o f f  t ime  and removal c a p a b i l i t y  i s  a lmost  whol ly  
a b s e n t  from t h e  snow c o n t r o l  p lans  reviewed. 
A second a r e a  a l s o  r e l a t e d  t o  t h e  c r u c i a l  a s p e c t  of t ime which r e c e i v e s  
l i t t l e  a t t e n t i o n  i n  snow removal p l a n s ,  i s  t h e  a c c u r a t e  p r e d i c t i o n  of snow 
amounts and e s p e c i a l l y  tiroe of a r r i v a l .  One p o s s i b l e  method f o r  i n c r e a s i n g  
accuracy  would be t h e  development of l o c a l  m e t e o ~ o l o g i c a l  models. I f  p roper ly  
d e s i g n e d ,  such  models could make use  of r e l a t i v e l y  low c o s t  d a t a  i n p u t  from 
t h e  wea the r  network and produce o u t p u t  which,  i f  i t  could  improve t h e  t ime 
e s t i m a t i o n  of t h e  o n s e t  of snow and i t s  r a t e  of accumula t ion ,  would prove . 
h i g h l y  v a l u a b l e  indeed.  
None of t h e  p lans  which were reviewed sugges ted  t a k i n g  no a c t i o n  under 
c e r t a i n  c o n d i t i o n s  a l t h o u g h  t h e  t h r e s h o l d  f o r  p l a n  a c t i v a t i o n  was shown t o  
v a r y  from p l a c e  t o  p lace .  To s e e  i f  "do nothing1 '  might be a  v i a b l e  s t r a t e g y  
i n  some p l a c e s ,  a n  e f f o r t  was made t o  de te rmine  t h e  r e l a t i o n  between our  
p r e v i o u s l y  c i t e d  c o s t  d a t a  and wea the r  c o n d i t i o n s  which would f a v o r  a  s t r a t e g y  
of a l l o w i n g  n a t u r a l  m e l t i n g .  
The snow m e l t  p o t e n t i a l  of t h e  48 communities was determined s imply  from 
average  d a i l y  t empera tu res  i n  January .  I t  was found t h a t  of t h e  n i n e  com- 
m u n i t i e s  i n  t h e  p a r t  of t h e  county  e x p e r i e n c i n g  10' t o  20' ave rage  d a i l y  
t empera tu res  i n  J a n u a r y ,  s i x  were above t h e  median i n  terms of d o l l a r s  expended 
per  s t r e e t  m i l e  pe r  i n c h  of snow, w h i l e  o n l y  t h r e e  were below. For  t h e  
twelve  communities i n  t h e  r e g i o n  where t empera tu res  i n  J a n u a r y  average  30' 
t o  40°, t h e  s i t u a t i o n  was r e v e r s e d ,  t h e r e  be ing  e i g h t  p l a c e s  w i t h  l e s s  t h a n  
median e x p e n d i t u r e s .  I n  t h e  t r a n s i t i o n  zone between t h e s e  two extremes where 
t h e r e  i s  g r e a t e r  u n c e r t a i n t y  r e g a r d i n g  t h e  e f f i c a c y  of no expense s t r a t e g y  
of n a t u r a l  snow c o n t r o l ,  t h e  twenty-seven communities were a s  n e a r l y  d i v i d e d  
about  t h e  median a s  pos s ib l e ,  w i t h  t h i r t e e n  below and f o u r t e e n  above. (Table  
5- 5) 
TABLE 5-5. MELT POTENTIAL AND COSTS OF SNOW CONTROL I N  48 COMMUNITIES 
Aver. Da i ly  Communities Communities 
Temperature Below Median Above Median 
i n  J an .  Cos t s / I nch /Mi l e  Cos t s / I nch /Mi l e  
Our purpose i n  d i s c u s s i n g  t h e s e  p o s s i b i l i t i e s  f o r  modifying snow 
c o n t r o l  p lans  has been t o  s t r e s s  t h e  need f o r  a  broader  look  a t  a l t e r n a t i v e s  
i n  meeting t h e  snow hazard i n  con junc t ion  w i t h  a  more e x p l i c i t  r e c o g n i t i o n  
of t h e  o b j e c t i v e s  of snow c o n t r o l .  We conclude t h i s  chap t e r  w i t h  a  d i s c u s s i o n  
of t h e  pos s ib l e  i m p l i c a t i o n s  of our  f i nd ings  f o r  t h e  gene ra l  problems which 
t h e  municipal  government f a ce s  i n  d e a l i n g  w i t h  t h e  u n c e r t a i n t y  of snowfa l l  
even t s .  
The Planning Process  
The process  by which municipal  o f f i c i a l s  p lan f o r  t h e  f u t u r e  i n  g e n e r a l  
has  been w e l l  documented. The va r i ous  b u r e a u c r a t i c  depar tments  of t h e  c i t y  
government which provide e s s e n t i a l  s e r v i c e s  compete f o r  t h e  revenues  a v a i l -  
a b l e  on a  yea r  t o  year  b a s i s .  The e l e c t e d  r e p r e s e n t a t i v e s  of t h e  pub l i c  
weigh t h e  vary ing  demands f o r  s e r v i c e s  and cho ices  of p r i o r i t i e s  a r e  made. 
One of t h e  c h a r a c t e r i s t i c s  of t h e  pub l i c  decision-making process  a t  t h e  c i t y  
l e v e l  of government i s  t h a t  long range p l ans  a r e  r a r e l y  made. Moreover, 
when they a r e  made, a s  i n  t h e  case  of urban renewal f o r  example, they  a r e  
con t inuous ly  modified i n  scope and con t en t  a s  time goes on. 
The snow c o n t r o l  s e r v i c e s  provided by m u n i c i p a l i t i e s  a r e  a  good example 
of t h i s  p rocess .  Annual r e n e g o t i a t i o n  of t h e  budget ,  s h i f t i n g  demands o r  
"requirements"  f o r  snow c o n t r o l  and t h e  c o n s t r a i n t s  of pe rsonne l  a l l  
c o n t r i b u t e  t o  t h e  r e d u c t i o n  of p lann ing  i n  i t s  p rocedura l  a s p e c t s .  Added 
t o  t h e  p lann ing  d i f f i c u l t i e s  of snow c o n t r o l  management i s  t h e  u n c e r t a i n t y  
in t roduced  by t h e  snow environment.  There i s  a d e c e p t i v e  paradox i n  t h e  
snow environment which compl ica tes  t h e  message which t h e  manager must 
d e a l  w i t h  i n  p lann ing .  Th is  paradox i s  o f t e n  a b s e n t  o r  masked by t ime i n  
o t h e r  forms of man-environment r e l a t i o n s .  It stems from t h e  f a c t  t h a t  i n  
most c a s e s  managers a r e  s u r e  t h a t  i t  i s  going t o  snow each w i n t e r  b u t  t h e  
amount, k i n d ,  and t iming of snow s torms a r e  unknown. One might c a l l  t h i s  , 
s i t u a t i o n  c e r t a i n t y  compounded by u n c e r t a i n t y .  
The q u e s t i o n  can  be asked a t  t h i s  p o i n t  whether a d d i t i o n a l  in fo rmat ion  
r e g a r d i n g  ( 1 )  t h e  c o s t s  and damage p o t e n t i a l  o f  snow s to rms ,  ( 2 )  t h e  
c h a r a c t e r i s t i c s  of snow c o n t r o l  equipment and ( 3 )  t h e  n a t u r e  of t h e  snow 
environment i t s e l f ,  w i l l  be of s i g n i f i c a n t  v a l u e  i n  t h e  f a c e  of t h e  s t r u c -  
t u r a l  o r  p o l i t i c a l  d i f f i c u l t i e s  i n  a l l o c a t i n g  s c a r c e  f i n a n c i a l  r e s o u r c e s  
amongst c i t y  s e r v i c e s .  One t h i n g  appears  c e r t a i n ,  t h e  major p o i n t s  of 
f l e x i b i l i t y  i n  snow c o n t r o l  p lann ing  a r e ,  f i r s t  t h e  t a r g e t  which manage- 
ment s e t s  f o r  i t s e l f  i n  terms of t h e  c l o s e n e s s  t o  normal (non-snow) c o n d i t i o n s  
which i s  t o  be str iven f o r  and secondly ,  t h e  t ime r e q u i r e d  t o  ach ieve  and 
m a i n t a i n  whatever snow c o n t r o l  t a r g e t  i s  e s t a b l i s h e d .  
I n  Chapter 4 we demonstrated t h a t  t h e  problem of s p e c i f y i n g  t h e  r e l e v a n t  
c o s t s  and l o s s e s  t o  compare i s  complex and n o t  w i t h o u t  i t s  p o l i t i c a l  impl ica-  
t i o n s .  We might s p e c u l a t e  t h a t  even i f  we could  i g n o r e  t h e  problem of i n t e r -  
depar tmenta l  compet i t ion  f o r  municipal  r evenues ,  t h e r e  i s  i n s u f f i c i e n t  
i n f o r m a t i o n  f o r  making op t imal  ad jus tments  t o  p r o b a b i l i s t i c  snow e v e n t s .  
However, it i s  apparen t  t h a t  s e e k i n g  a d d i t i o n a l  i n f o r m a t i o n  i s  a  c o s t l y  
p rocess  w i t h  v e r y  u n c e r t a i n  payof f s  i n  t h e  c a s e  of snow c o n t r o l .  
-. 
We conclude h e r e  w i t h  a  message s i m i l a r  t o  t h a t  of Chapter  4 ,  
t h a t  t h e  municipal  o f f i c i a l  must be w i l l i n g  t o  d i s c u s s  (and e v e n  i n i t i a t e  
d i s c u s s i o n  o f )  t h e  o b j e c t i v e s  which a r e  sought  i n  any a c t i o n  program. 
F u r t h e r ,  i t  i s  p l a i n  t h a t  t h e  n a t u r e  of t h e  i n f o r m a t i o n  c o l l e c t e d  by 
o f f i c i a l s  t o  j u s t i f y  p u b l i c  e x p e n d i t u r e ,  must t a k e  i n t o  c o n s i d e r a t i o n  
t h e  p u b l i c ' s  a s  w e l l  a s  t h e  o f f i c i a l ' s  p e r c e p t i o n  of t h e  problem. 
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CHAPTER 6 
THE IMPACT OF SNOWFALL ON MANUFACTURING AND RETAIL ACTIVITIES I N  
SnECTED CITIES I N  THE UNITED STATES 
Mark B l a c k s e l l  
Throughout t h e  Northern United S t a t e s  snowfa l l  i n  w i n t e r  i s  a  f a c t  
of l i f e ,  a r o u s i n g  a  wide range of responses  from t h e  g e n e r a l  p u b l i c .  
Depending on what t h e y  happen t o  be do ing ,  o r  want t o  do,  people e i t h e r  
welcome, d e p l o r e ,  o r  do t h e i r  b e s t  t o  i g n o r e  snow. 
There a r e  two q u i t e  d i s t i n c t  and b a s i c a l l y  u n r e l a t e d  a s p e c t s  t o  t h e  
problem of snow i n  urban a r e a s ,  and each must be t r e a t e d  s e p a r a t e l y .  F i r s t ,  
and f o r  t h e  pruposes of t h i s  s t u d y ,  most i m p o r t a n t ,  whenever snow f a l l s  i t .  
causes  a  d e g r e e  of d i s l o c a t i o n  i n  t h e  f u n c t i o n i n g  of t h e  urban environment.  
T r a f f i c  t ends  t o  be d e l a y e d ,  schedu les  a r e  d i s r u p t e d  and t h e  l e v e l  of i r -  
r i t a t i o n  and f r u s t r a t i o n  among t h e  populous r i s e s .  The goal  of a l l  p u b l i c  
snow removal p o l i c i e s  and programs i s  t o  minimize t h e  u p s e t ,  but  c l e a r l y  
even w i t h  t h e  most s t renuous  e f f o r t ,  some measure of d i s l o c a t i o n  s t i l l  
occurs .  One of t h e  o b j e c t s  of t h i s  c h a p t e r  i s  t o  t r y  and e s t a b l i s h  t h e  
s c a l e  and importance of t h i s  d i s r u p t i o n  t o  a  c i t y ' s  economy. 
Aside  from t h e  d i s r u p t i o n  of day-to-day a c t i v i t i e s ,  snow, l i k e  a lmost  
a n y t h i n g  e l s e ,  c r e a t e s  a  market f o r  a  whole range of consumer goods. Many 
r e t a i l e r s  and some manufacturers  depend upon i t s  presence o r  absence a t  
s p e c i f i c  t imes i n  t h e  year  t o  g e n e r a t e  bus iness .  The s a l e s  of snow t i r e s ,  
snow boots ,  s k i s ,  and many, many o t h e r  products  a r e  dependent on snow f o r  
t h e i r  ve ry  e x i s t e n c e  and t h e  volume of t r a d e  i n  them i s  i n t i m a t e l y  connected 
t o  t h e  p a t t e r n  of snowfa l l  throughout  t h e  w i n t e r .  
It i s  v i t a l ,  however, t o  make a  c l e a r  d i s t i n c t i o n  between t h e  market 
f o r  "snow goods" and t h e  d i s r u p t i o n  caused by s n o w f a l l .  These a r e  d i s t i n c t  
and mutua l ly  independent s u b j e c t s  and i t  i s  v i t a l  t o  emphasize t h a t  t h e  
c o s t s  of one cannot  be s e t  o f f  a g a i n s t  t h e  b e n e f i t s  of t h e  o t h e r .  I f  a  
s u p p l i e r  of snow t i r e s  i s  unable  t o  d i s t r i b u t e  h i s  goods, because of snow- 
blocked roads  and customers cannot buy them, because s t r e e t s  a r e  impassable ,  
s a l e s  w i l l  s u f f e r ,  d e s p i t e  t h e  f a c t  t h a t  t h e s e  a r e  snow goods. 
I t  was cons idered  t o o  l a r g e  a  t a s k  t o  i n v e s t i g a t e  a l l  t h e  f a c e t s  of 
b u s i n e s s  and commercial a c t i v i t y  i n  t h e  c i t i e s  being s t u d i e d  and i n  any 
c a s e  i t  seemed d o u b t f u l ,  whether such e f f o r t  would be w e l l  s p e n t .  For 
two r e a s o n s ,  a t t e n t i o n  was concen t ra ted  upon manufactur ing and r e t a i l i n g .  
F i r s t ,  bo th  a r e  d e e p l y  dependent on e f f i c i e n t  t r a n s p o r t a t i o n  sys tems,  and 
t h e  most s e r i o u s  hazard a s s o c i a t e d  w i t h  snow i s  i t s  c a p a c i t y  f o r  d i s r u p t i n g  
t r a n s p o r t a t i o n .  Second, t h e r e  a r e  s i g n i f i c a n t  s e c t i o n s  of bo th  r e t a i l i n g  
and manufactur ing t h a t  a r e  involved i n  t h e  snow goods i n d u s t r y ,  and t h e y  
t h e r e f o r e  provide a n  o p p o r t u n i t y  t o  s t u d y  both  t h e  major a s p e c t s  of t h e  
impact of snow on t h e  urban environment.  
Data C o l l e c t i o n  
C o l l e c t i n g  d a t a  from i n d i v i d u a l  manufacturers  and r e t a i l e r s  about  
t h e  problems they  faced  through w i n t e r  snowfa l l  was ex t remely  d i f f i c u l t .  
Very few of them considered snow a s  a  s i n g l e  v a r i a b l e  and t h e r e f o r e ,  any 
i n f o r m a t i o n  c o l l e c t e d  on t h e  s u b j e c t  tended t o  be wide ly  s c a t t e r e d  w i t h i n  
t h e  f i l e s  of t h e  bus iness .  Th i s  would n o t  have p resen ted  i n  any s e n s e  
i n s u p e r a b l e  d i f f i c u l t i e s ,  i f  t h e r e  had been c o n s i s t e n c y  i n  t h e  way i n  
which t h e  i n f o r m a t i o n  was recorded ,  but i n  f a c t  t h e r e  was u n f o r t u n a t e l y  
a n  ex t remely  wide v a r i a t i o n  i n  t h e  procedures  adopted.  I n  a d d i t i o n  t o  
t h i s ,  f o r  t h e  v a s t  m a j o r i t y  of t h e  f i r m s  and b u s i n e s s e s  in te rv iewed ,  
snow was a  r e l a t i v e l y  minor concern,  which was thought  t o  have l i t t l e  
d i r e c t  e f f e c t  on o p e r a t i o n s .  A s  a  r e s u l t ,  i t  was g e n e r a l l y  found t h a t  
minimal t r o u b l e  had been t aken  t o  measure i t s  impact i n  any way whatsoever ,  
l e t  a l o n e  i n  d o l l a r s  and c e n t s ,  and t h e r e  was t h e  c o n t i n u a l  danger of c o l -  
l e c t i n g  s u b j e c t i v e  impress ions ,  r a t h e r  t h a n  hard f a c t s .  
D e s p i t e  t h e  l a c k  o f  u n i f o r m i t y  and t h e  d i f f i c u l t i e s  t h i s  was l i k e l y  t o  
pose f o r  t h e  su rvey ,  i t  was decided t o  c o n s t r u c t  a  q u e s t i o n n a i r e  f o r  c o l l e c t -  
i n g  t h e  d a t a .  I d e a l l y  one would have l i k e d  t o  use  a  sample mai l  q u e s t i o n -  
n a i r e  f o r  s t u d y i n g  both  manufactur ing and r e t a i l i n g ,  s i n c e  t h i s  i s  t h e  most 
r a p i d  way t o  cover t h e  ground. T h i s  approach was used t o  su rvey  a  l a r g e  
number of manufactur ing f i r m s  but  no m a t t e r  how one phrased t h e  i n t r o d u c t o r y  
l e t t e r ,  r e t a i l e r s  were r e l u c t a n t  t o  r e l e a s e  d a t a  on d a i l y  s a l e s ,  w i t h o u t  
p r i o r  permiss ion from t h e i r  s u p e r i o r s ,  o r  a  g r e a t  d e a l  of pe rsuas ion .  T h e i r  
r esponse  t o  a  mail q u e s t i o n n a i r e  was s imply t o  i g n o r e  i t .  The on ly  a l t e r -  
n a t i v e ,  t h e r e f o r e ,  was t o  s e l e c t  a  c r o s s  s e c t i o n  of shops on t h e  b a s i s  o f :  
a )  t h e i r  l o c a t i o n  i n  t h e  c i t y ;  and b) t h e i r  t y p e ;  and t o  i n t e r v i e w  t h e  
managers i n  person.  The drawback t o  t h i s  approach was t h e  l i m i t e d  ground 
i t  proved p o s s i b l e  t o  cover ,  and t h e  i m p o s s i b i l i t y  of drawing a n  unbiased 
sample. 
Although t h e  method of a d m i n i s t e r i n g  t h e  q u e s t i o n n a i r e s  was d i f f e r e n t  
i n  t h e  two c a s e s ,  t h e  fn format ion  and l a y o u t  of t h e  two q u e s t i o n n a i r e s  was 
b a s i c a l l y  t h e  same. They bo th  were des igned t o  g a t h e r  f o u r  d i f f e r e n t  s e t s  
of in fo rmat ion .  
F i r s t  of a l l  i t  was necessa ry  t o  e s t a b l i s h  some kind of background 
t o  t h e  f a c t o r y  o r  shop,  and i n  a l l  c a s e s  d a t a  on t h e  t y p e  of f i r m ,  t h e  s i z e  
of i t s  l a b o r  f o r c e ,  average  h o u r l y  wages and l o c a t i o n  were sought .  
Th i s  s e c t i o n  was fol lowed by one which d e a l t  s p e c i f i c a l l y  w i t h  any 
d i s r u p t i o n  caused by snowfa l l  d u r i n g  t h e  w i n t e r  of 1968169 ( t h e  i n t e r v i e w s  
were conducted i n  t h e  summer of 1969) .  Here one was t r y i n g  t o  e s t a b l i s h  
whether t h e r e  had been p roduc t ion  o r  s a l e s  l o s s e s  t h a t  could  be a t t r i b u t e d  
d i r e c t l y  t o  s n o w f a l l ,  and i n  t h e  c a s e  of t h e  shops ,  a t t e m p t s  were made t o  
g a i n  a c c e s s  t o  d a i l y  r e t a i l  s a l e s  d a t a ,  s o  t h a t  t h e s e  could be checked 
a g a i n s t  d a i l y  snow d a t a .  
The t h i r d  s e c t i o n  considered t h e  whole problem of snow removal from 
t h e  p o i n t  of view of t h e  i n d i v i d u a l  f i rm.  Quest ions  were asked on t h e  
degree  of s a t i s f a c t i o n  w i t h  t h e  c i t y ' s  snow removal program; on c o s t s ,  such 
a s  investment  i n  m a t e r i a l ,  equipment,  and manpower, which had t o  be borne 
f o r  snow removal;  and on whether t h e  w i n t e r  weather  c o n d i t i o n s  would ever  
i n f l u e n c e  a  d e c i s i o n  t o  move t o  a n o t h e r  l o c a t i o n .  
The f i n a l  s e c t i o n  was concerned w i t h  t h e  pe rsona l  a t t i t u d e s  of t h e  
respondent  towards snow and snowfa l l .  I t s  purpose was t o  f i n d  o u t  t o  what 
e x t e n t  h e  o r  s h e  considered snow a n  inconvenience;  from what s o u r c e s ,  i f  
any ,  i n f o r m a t i o n  about  weather  f o r e c a s t s  was o b t a i n e d ;  how t h e  respondent  
d e f i n e d  a  heavy snow s to rm i n  terms of d e a t h ;  and how h e  o r  s h e  a s s e s s e d  
t h e  d i s r u p t i v e  p o t e n t i a l  of snowfa l l s  of d i f f e r e n t  c h a r a c t e r .  
The range of d a t a  sought  was i n t e n t i o n a l l y  ex t remely  broad,  but  by 
a t t a c k i n g  t h e  s u b j e c t  on s o  many f r o n t s ,  i t  proved p o s s i b l e  t o  c o n s t r u c t  
q u i t e  a  comprehensive p i c t u r e  of t h e  snow problem f o r  each f i r m  o r  b u s i n e s s  
s t u d i e d .  Gaps i n  i n f o r m a t i o n  f o r  one s e c t i o n  of t h e  q u e s t i o n n a i r e  were i n  
many c a s e s  compensated f o r  e lsewhere .  For example, even though a  number 
of people in te rv iewed  had v e r y  l i t t l e  i d e a  about  t h e  c o s t s  of snow removal 
and were unable  t o  produce any f i g u r e s  f o r  i t ,  t h e i r  r e p l i e s  t o  t h e  s e c t i o n  
on a t t i t u d e s  t o  snowfa l l  f r e q u e n t l y  gave a  v e r y  c l e a r  i n d i c a t i o n  a s  t o  t h e  
importance t h a t  t h e  f i r m  a s  a  whole a t t a c h e d  t o  snpwfa l l .  
R e s u l t s  of t h e  Q u e s t i o n n a i r e  Surveys 
A l t o g e t h e r  259 mai l  q u e s t i o n n a i r e s  were d i s t r i b u t e d  t o  manufactur ing 
f i r m s  i n  t h e  c i t i e s  of E v a n s v i l l e ,  Greensboro,  Duluth ,  U t i c a ,  and Canton. 
A l l  t h e  c i t i e s  were i n  t h e  s i z e  range p r e s c r i b e d  f o r  t h e  s t u d y ,  between 
100,000 and 200,000, but  t h e i r  s n o w f a l l  environments d i f f e r e d .  E v a n s v i l l e  
and Greensboro bo th  and a n  average  annua l  s n o w f a l l  of 1 e s s . t h a n  10 i n c h e s ;  
Canton rece ived  between 20 and 50 i n c h e s ;  and U t i c a  and Duluth b o t h  had 
averages  c o n s i d e r a b l y  i n  excess  of 50 i n c h e s .  As a  r e s u l t ,  a l l  t h r e e  of 
t h e  c rude  snow environments d e f i n e d  - l i g h t ,  medium, and heavy, were sampled 
i n  t h e  survey.  For  each of t h e s e  c i t i e s ,  a l l  manufactur ing f i rms  employing 
more t h a n  100 were s e n t  q u e s t i o n n a i r e s  and i n  a d d i t i o n  a  10% random sample 
of t h o s e  employing l e s s  t h a n  100. The o v e r a l l  r e sponse  r a t e  was r a t h e r  
d i s a p p o i n t i n g  a t  25% ( 6 4 ) ,  but  t h e r e  was a l s o  c o n s i d e r a b l e  v a r i a t i o n  between 
c i t i e s  : 
Table  6-1 
Manufacturing Q u e s t i o n n a i r e s  Sent  and Received by C i t y  
E v a n s v i l l e  Greensboro Canton Ut ica  Duluth  T o t a l  
No. s e n t  5  3  4  2  59 44 6  1 259 
No. r e p l i e s  1 6  1 2  11 1 2  1 3  64 
% r e p l i e s  30 2  8  19 27 21 2  5  
There  was, however, a  r e a s o n a b l e  response  from f i r m s  i n  a t  l e a s t  one 
c i t y  i n  each t y p e  of snow environment,  and f o r  t h e  purposes of i l l u s t r a t i n g  
between group v a r i a t i o n  i n  t h e  t a b u l a t i o n s ,  E v a n s v i l l e ,  Canton and Ut ica  
were chosen a s  examples. 
I t  was a l s o  p o s s i b l e  t o  break down t h e  q u e s t i o n n a i r e s  a c c o r d i n g  t o  
t h e  s i z e  of f i rm.  The number of r e p l i e s  was such  t h a t  i t  was on ly  prac-  
t i c a b l e  t o  sub-d iv ide  t h e  responses  i n t o  t h z e e  groups:  
Table  6-2 
Manufacturing Q u e s t i o n n a i r e s ,  by S i z e  of Firm 
l e s s  t h a n  100 employees 100-999 g r e a t e r  t h a n  1 ,000  employees 
No. s e n t  8  3  154 2  2  
No. r e p l i e s  11 34 19 
% r e p l i e s  1 2  21 8 6  
As can  be s e e n  from Table  6-2, t h e r e  was v a r y i n g  r e p r e s e n t a t i o n  f o r  
each of t h e  t h r e e  groups,  but  e f f e c t s  of f i r m  s i z e  should s t i l l  be measurable.  
- 
The tabulation of the data from these questionnaires is set out in Appendix 2. 
The retail questionnaire was essentially the same in design as the 
manufacturing one, except that it was not mailed, but was administered by 
personal interview. An attempt was made to select stores representing a 
wide range of retail outlets, and both downtown and out of town locations 
were used, so that there would be some chance of showing variations within 
the urban area. The type of information gathered was virtually identical to 
that from manufacturing firms, except that instead of daily production data, 
an attempt was made to find out daily sales information for the winter of 
1968-69. 
The Analysis of the Results 
Probably the most significant and best supported fact to emerge from 
the survey was the relatively small problem that snow appeared to pose for 
all types of manufacturing industry. Few, if any, of the firms interviewed 
felt seriously threatened by snow and the majority took only the most rudi- 
mentary precautions to ensure that operations were not disrupted. Also 
there was no conclusive evidence to support the contention that attitudes . 
or actions were significantly altered by the actual snow environment. This 
latter assertion may appear surprising, but as will be seen, it is supported 
by various sets of information from the questionnaires. 
It has just been suggested above that winter snowfall is not an import- 
ant influence on the present structure and operation of manufacturing indus- 
try in the North-Eastern and Mid-Western United States. Evidence to support 
this usually came very early in the questionnaire, when the respondent was 
asked to rank six potential hazards--drought, flooding, influenza, snow, 
strikes, and tornado. The answer to this question are summarized in 
Table 6-3. This sets out the number of first, second, and third place 
r a n k i n g s  e a c h  of t h e  s i x  haza rds  r e c e i v e d ,  w i t h  t h e  r e s u l t s  f u r t h e r  broken 
down by c i t y  and s i z e  of  f i rm.  Only t h e  f i r s t  t h r e e  r a n k i n g s  a r e  i n c l u d e d  
i n  t h i s  summary t a b l e ,  s i n c e  t h e  r e s p o n s e  r a t e  f o r  t h e  r e s t  was s o  poor 
t h a t  i t  was f e l t  t h a t  they  y i e l d e d  v e r y  l i t t l e  u s e f u l  in fo rmat ion .  There  
were f r e q u e n t  comments t o  t h e  e f f e c t  t h a t  t h e  f o u r t h ,  f i f t h ,  and s i x t h  
cho ices  d i d  n o t  r e a l l y  a f f e c t  t h e  f i r m  i n  any way and could  have been 
placed i n  any  o r d e r .  
The f i r s t  p o i n t  t o  emerge from t h i s  t a b l e  i s  t h e  overwhelming importance  
of t h r e e  h a z a r d s ,  i n f l u e n z a ,  snow, and s t r i k e s ,  a s  compared w i t h  t h e  r e s t .  
T h e i r  dominance i s  c l e a r  i n  a l l  t h r e e  s e c t i o n s ,  and ,  when f i r s t  p l a c e  rank-  
i n g ~  a r e  cons ide red  t h e y  a l l  bu t  exc lude  t h e  o t h e r  p o s s i b i l i t i e s .  I f  i n f l u -  
enza ,  snow, and s t r i k e s  a r e  looked a t  i n  more d e t a i l ,  once more a  d e f i n i t e  
p a t t e r n  emerges. I n f l u e n z a  i s  t h e  most s e r i o u s  problem; 42% of t h e  f i n s  
(27 o u t  of 64) pu t  i t  i n  f i r s t  p l a c e ,  whereas ,  snow - 26% - comes a  poor 
second,  o n l y  m a r g i n a l l y  ahead of s t r i k e s  - 22%. 
Al though t h i s  q u e s t i o n  was n o t  pursued i n  g r e a t  d e t a i l  i n  t h e  m a i l  
q u e s t i o n n a i r e ,  more d e t a i l  was sough t  i n  p e r s o n a l  i n t e r v i e w s  w i t h  some f i rms .  
Not s u r p r i s i n g l y ,  few had d e t a i l e d  comparat ive  r e c o r d s ,  bu t  one l a r g e  t e x t i l e  
f i r m  on t h e  o u t s k i r t s  of N a s h v i l l e ,  Tennessee ,  had made a n  a n a l y s i s  of t h i s  
s u b j e c t  q u i t e  independen t ly .  T h e i r  su rvey  showed t h a t  i n f l u e n z a  was t e n  
t imes  more d i s r u p t i v e ,  when measured i n  terms of l o s s  of p r o d u c t i o n  due t o  
absen tee i sm,  than  was snow and i c e .  Even a l l o w i n g  f o r  N a s h v i l l e ' s  s o u t h e r l y  
l o c a t i o n  t h i s  was a  s t r i k i n g  r e s u l t .  One o v e r a l l  c o n c l u s i o n  was i n e s c a p a b l e ;  
i l l n e s s  and l a b o r  problems had a  d i r e c t  b e a r i n g  on t h e  e f f i c i e n c y  of f i r m s ,  
b u t  n a t u r a l ,  c l i m a t i c  haza rds  appeared t o  have l i t t l e  o v e r t  impact .  However, 
i f  t h e  n a t u r a l ,  c l i m a t i c  haza rds  ( d r o u g h t ,  f l o o d i n g ,  snow, and to rnado)  were 
looked a t  i n  i s o l a t i o n ,  snow emerged q u i t e  c l e a r l y  a s  t h e  one pe rce ived  a s  
ax~d puo~as (q- 
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being t h e  most p o t e n t i a l l y  d i s r u p t i v e .  
Within  t h e  o v e r a l l  p i c t u r e  t h e r e  were some i n t e r e s t i n g  r e g i o n a l ,  and 
between f i rms ,  v a r i a t i o n s ,  but i t  must be emphasized he r e  t h a t  i n  many cases  
t h e  sample was s o  sma l l ,  t h a t  i t  was dangerous t o  read t o o  much i n t o  t h e  
r e s u l t s .  The p a t t e r n  which emerged between c i t i e s  i n  t h e  t h r e e  d i f f e r e n t  
snow environments was somewhat con t r ad i c to ry .  Of a l l  t h e  f i v e  c i t i e s  s t u d i e d  
U t i ca  had t h e  heav i e s t  snowfa l l  i n  t h e  w in t e r  of 1968/69 w i t h  100 i nches ,  bu t  
however one manipulated t h e  f i g u r e s ,  i n f l uenza  emerged a s  being a  d e c i s i v e l y  
more s e r i o u s  hazard.  On t h e  o t h e r  hand, i n  Duluth,  which only had 66 inches  
of snow i n  1968/69, 11 ou t  of t h e  13  f i rms  t h a t  r e p l i e d  put snow i n  f i r s t  
. 
place .  For  t h e  more s o u t h e r l y  c i t i e s ,  none placed snow i n  f i r s t  p l ace ,  
a l though  w i t h  t h e  excep t ion  of Evansv i l l e  where i t  was marg ina l ly  d i s lodged  
by to rnado ,  i t  emerged a s  t h e  most t h r e a t e n i n g  c l i m a t i c  hazard.  
When t h e  r e t u r n s  were analysed by s i z e  of f i rm ,  a  s t r i k i n g  p a t t e r n  
emerged. There was a  c l e a r  t r end  towards l e s s  importance being a t t a c h e d  
t o  snowfa l l  a s  t h e  s i z e  of i n d i v i d u a l  f i rms  grew. This  i s  a  c l e a r  r e -  
f l e x i o n  of t h e  s imple  f a c t  t h a t  s i z e  and f l e x i b i l i t y  would seem t o  go hand 
i n  hand. The sma l l e r  a  concern i s ,  t h e  l e s s  a b l e  i t  i s  t o  bear  shor t - t e rm 
d i s l o c a t i o n  of t h e  t r a n s p o r t a t i o n  system. I t s  o p e r a t i o n s  w i l l  tend t o  be 
sho r t - t e rm ,  perhaps even on a day t o  day b a s i s ,  and any d i s r u p t i o n  t o  
d e l i v e r i e s ,  s u p p l i e s  o r  t h e  f low of customers w i l l  tend t o  r e s u l t  i n  t o t a l  
l o s s  of bus ine s s ,  r a t h e r  than  d e f e r r e d  s a l e s .  The p a t t e r n  t h a t  emerged 
from t h e  survey,  t h e r e f o r e ,  showed t h a t  60% of t h e  responding f i rms  
employing l e s s  t han  100 perceived snow f i r s t ,  compared w i t h  21% i n  t h e  
100-999 range and 11% i n  t h e  1 ,000 p lu s  group. By comparison i n f l u e n z a  
was r a t e d  most s e r i o u s  by 50% of a l l  f i rms  w i th  more t h a n  100 employees, but 
by on ly  10% of t hose  w i th  l e s s  than  100. Once aga in ,  however, snow emerged 
was r a t e d  most s e r i o u s  by 50% of a l l  f i rms  w i t h  more t h a n  100 employees, 
but  by on ly  10% of t h o s e  w i t h  l e s s  t h a n  100. Once a g a i n ,  however, snow 
emerged i n  a l l  t h r e e  groups a s  being f a r  and away t h e  most s e r i o u s l y  per-  
ce ived  c l i m a t i c  hazard.  
Having d i s c u s s e d  snow i n  r e l a t i o n  t o  a  v a r i e t y  of o t h e r  h a z a r d s ,  i t  
seems l o g i c a l  t o  t r y  and probe t h e  b a s i s  f o r  t h e s e  r e s u l t s  i n  d e t a i l .  
S e c t i o n  4 of t h e  q u e s t i o n n a i r e  was devoted t o  q u e s t i o n s  about  p e o p l e ' s  
a t t i t u d e s  towards d i f f e r e n t  types  of snow c o n d i t i o n s  and about  how they  
responded t o  t h e  t h r e a t  of snowfa l l .  
The survey  showed two t h i n g s  v e r y  c l e a r l y :  f i r s t  t h a t  n e a r l y  every  
f i r m  (95%) was i n t e r e s t e d  enough i n  snowfa l l  t o  l i s t e n  t o  a  weather  f o r e -  
c a s t  of some d e s c r i p t i o n  and,  second, t h a t  each f i r m  (93%) had some op in ion  
t h a t  they  wished t o  express  about  t h e  snow environment.  However t h e s e  
op in ions  v a r i e d  c o n s i d e r a b l y  and t h e  on ly  c l e a r  o v e r a l l  conc lus ion  t h a t  
emerged was how few people (6%) wished t h e r e  were more snow i n  w i n t e r .  
For  t h e  r e s t ,  t h e  l a r g e s t  group (38%) wanted no change, w h i l e  30% wanted 
l e s s  snow and 14% wanted t o  e l i m i n a t e  i t  a l t o g e t h e r .  12% made no r e p l y .  
I t  i s  d i f f i c u l t  t o  make any p r e c i s e  s t a t e m e n t s  about  a t t i t u d e s  t o  t h e  snow 
environment from t h e s e  f i g u r e s ,  but from a d d i t i o n a l  comments v o l u n t e e r e d ,  
i t  appears  t h a t  w h i l e  many people enjoyed snow f o r  r e c r e a t i o n ,  t h e y  would 
be only  t o o  pleased t o  s e e  a  r e d u c t i o n  i n  t h e  amount f a l l i n g  i n  t h e  c i t i e s .  
The p rospec t  of being i s o l a t e d  a t  home o r  anywhere e l s e  appeared t o  be a n  
unsavoury one,  even i f  t h e r e  were no p r e s s i n g  need t o  t r a v e l .  I t  i s  no t  
unreasonable  t o  s u g g e s t  t h a t  t h e  obvious a v i d i t y  w i t h  which people kep t  up 
on weather  f o r e c a s t s  was a  r e s u l t  of a n  under ly ing  concern abou t  t h e  problems 
s n o w f a l l  could pose f o r  t r a v e l .  By f a r  t h e  most popular  s o u r c e  of i n f o r -  
mat ion was T.V. o r  r a d i o  (42%),  but a lmost  a s  many f i r m s  (38%) were pre-  
pared t o  check t h i s  o u t  by m a i n t a i n i n g  d i r e c t  c o n t a c t  w i t h  t h e  l o c a l  a i r p o r t .  
D e s p i t e  t h e  obvious concern,  however, on ly  one of t h e  f i r m s  surveyed,  a  
l a r g e  e l e c t r o n i c s  concern i n  U t i c a ,  found i t  worthwhi le  paying f o r  t h e  
s e r v i c e s  of a  p r o f e s s i o n a l  m e t e o r o l o g i c a l  c o n s u l t a n t ,  even though t h e  c o s t  
of t h i s  s e r v i c e  i s  r a r e l y  more t h a n  $200 a  y e a r .  
To t h i s  p o i n t  t h e r e  has been a  t a c i t  assumption t h a t  snowfa l l  conveyed 
t h e  same image t o  a  f i r m ,  whereever they  happened t o  be l o c a t e d ,  but d e f i n -  
i t i o n s  a s  t o  what c o n s t i t u t e d  a  heavy s n o w f a l l  v a r i e d  cons iderab ly .  Rooney 
has  shown t h a t  any accumulat ion of over  2 i n c h e s  i n  one s to rm i s  l i a b l e  t o  
cause  a p p r e c i a b l e  inconvenience,  and any amount over  5 i n c h e s  i s  l i a b l e  t o  
cause  t o t a l  d i s r u p t i o n .  When t h e  responden ts  were asked t o  d e f i n e  "a heavy 
snowstorm'' t h e  r e s u l t s  v a r i e d  i n  any i n t e r e s t i n g  way w i t h  t h e  snow env i ron-  
ment. I n  E v a n s v i l l e ,  t h e  m a j o r i t y  of t h o s e  who r e p l i e d  thought  t h a t  a  2 
i n c h  s to rm was heavy. I n  Canton, t h e  m a j o r i t y  thought t h a t  a  6 i n c h  s to rm 
, was heavy; w h i l e  i n  U t i c a ,  4 o u t  of 12 responden ts  thought a  12 i n c h  s to rm 
t o  be heavy and 5 ou t  of 12 be l i eved  2  f e e t  t o  be n e a r e r  t h e  mark. Q u i t e  
c l e a r l y  t h e r e  was a  s t r o n g  r e l a t i o n s h i p  between t h e  t o t a l  annua l  amount of 
snow and t h e  g e n e r a l l y  accep ted  d e f i n i t i o n  of a  heavy storm. 
However, when one a l s o  cons idered  t h e  t ime of day when snow f e l l ,  and 
t h e  type  of snow c o n d i t i o n s ,  t h e r e  emerged a  v e r y  much l e s s  e a s i l y  i n t e r -  
p r e t e d  p a t t e r n .  O v e r a l l ,  i t  may be s a i d  t h a t  t h e  form t h a t  a  s to rm took was 
always viewed a s  more important  t h a n  t h e  t ime when i t  f e l l  i n  de te rmin ing  
d i s r u p t i o n ,  t h u s  t h a t  snow w i t h  h i g h  winds and d r i f t i n g  and f r e e z i n g  r a i n  
were c l e a r l y  s e e n  a s  t h e  most dangerous forms. The t ime of snow f a l l  was 
t h e  second most impor tan t  f a c t o r  i n  i t s  d i s r u p t i o n .  For manufactur ing f i r m s ,  
t h e  most inconven ien t  t ime was a t  n i g h t ,  followed by morning and a f t e r n o o n  
f a l l s ,  obv ious ly  t h e  r e a s o n  being t h a t  t h e  d i s r u p t i o n  of movement i n  t h e  
course  of a  day g e n e r a l l y  decreased  t h e  l a t e r  t h e  s to rm s t a r t e d .  F i n a l l y ,  
t h e  l e a s t  d i s r u p t i v e  c o n d i t i o n s  were t h o s e  a f t e r  t h e  s to rm,  when i t  s t a r t e d  
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t o  thaw. 
Thus f a r  t h i s  a n a l y s i s  has  concen t ra ted  s o l e l y  on t h e  perceived dangers  
of s n o w f a l l ,  no a t t e m p t  has been made t o  measure t h e  a c t u a l  c o s t s  t o  i n d i v -  
i d u a l  f i rms .  T h e o r e t i c a l l y  t o t a l  c o s t s  of snowfa l l  can be s t a t e d  as t h e  
sum of a l l  l o s s e s  p lus  t h e  c o s t s  of a d j u s t m e n t ;  optimum investment  i s  t h e  
amount which minimises t h i s  t o t a l  sum of c o s t s .  However, t h e r e  a r e  cons id -  
e r a b l e  d i f f i c u l t i e s  t o  be overcome b e f o r e  such  a  f u n c t i o n  can  be r e a l i s t i c -  
a l l y  q u a n t i f i e d .  
F i r s t  of a l l  t h e  i n d i v i d u a l  f i r m  i s  never  made t o  bear  d i r e c t l y  t h e  
f u l l  c o s t  of l o s s e s  and ad jus tments  due t o  w i n t e r  snowfa l l .  Indeed t h e  
whole of t h e  p r i v a t e  s e c t o r  i s  s h i e l d e d  from t h e  wors t  e f f e c t s  of t h e  hazard 
by t h e  p r o v i s i o n  of p u b l i c  snow removal programs. I n d u s t r y  i n  p a r t i c u l a r  
r e p r e s e n t s  a  powerful p r e s s u r e  group i n  any c i t y  and i t  i s  t h e r e f o r e  a b l e  t o  
e x e r t  c o n s i d e r a b l e  i n f l u e n c e  on l o c a l  a u t h o r i t i e s  t o  provide t h e  kind of snow- 
removal program t h a t  w i l l  put i t s  own l e v e l  of inconvenience a t  a n  a b s o l u t e  
minimum. I f  roads  a r e  no t  passab le  i n  w i n t e r  t h e r e  i s  a n  immediate o u t c r y  
and l o c a l  a u t h o r i t i e s  have t o  make snow c l e a r a n c e  a  t o p  p r i o r i t y  s i n c e  
p r i v a t e  employers w i l l  t o l e r a t e  no o b s t r u c t i o n  o r  d e l a y .  I n  any c a s e  t h e r e  + 
i s  no q u e s t i o n  but t h a t  i n d i v i d u a l s  never admit  t o  a  r e a l i s t i c  c o n t r i b u t i o n ,  
because t h e y  f e e l  t h a t  t h e y  can always c h r o n i c a l l y  underes t imate ,  s i n c e  t h e  
l o c a l  a u t h o r i t y  w i l l  c l e a r  t h e  s t r e e t s  i n  any case .  Th is  emerged s t r i k i n g l y  
from t h e  su rvey ,  f o r  when t h e  f i r m s  were asked whether  t h e y  thought  t h e  c i t y  
ought t o  have a  b e t t e r  snow removal program, 45% answered i n  t h e  a f f i r m a t i v e .  
However, when t h e n  asked i f  t h e y  thought i t  would be worth  t h e i r  w h i l e  t o  
c o n t r i b u t e  more t o  t h e  l o c a l  t a x e s  f o r  t h i s  purpose ,  o n l y  10% answered yes .  
Th i s  u n i v e r s a l  d i f f i c u l t y  t e n d s ,  t h e r e f o r e ,  t o  make c o s t  assessment  
s u s p e c t  from t h e  o u t s e t ,  but  a  second problem i s  t h e  ex t remely  incomplete  
n a t u r e  of much of t h e  d i r e c t  e x p e n d i t u r e  d a t a .  Near ly  a l l  t h e  f i r m s  keep 
some r e c o r d s  of t h e  amounts s p e n t  on c l e a r i n g  a g e n t s  such a s  s a l t  and sand 
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and p r e v e n t i v e  measures such a s  t h e  buying o f  snow t i r e s ,  b u t  l a b o r  c o s t s  
and c o s t s  f o r  u s e  o f  equipment a r e  n o t  o f t e n  recorded  s e p a r a t e l y  and t h e s e  
r e p r e s e n t  t h e  bu lk  of t h e  expendi tu re .  Snow removal u s u a l l y  i s  c o s t e d  under  
t h e  g e n e r a l  head ing  of main ta inance ,  and f o r  most f i r m s  i t  poses  a  smal l  
i t e m  of  e x p e n d i t u r e  even i n  t h i s  s e c t o r .  
For t h e s e  r e a s o n s  t h e  on ly  p r a c t i c a b l e  o u t l e t  seemed t o  be t o  a c c e p t  
each i n d i v i d u a l  f i r m ' s  e s t i m a t i o n  o f  t h e  amount s p e n t  on snow removal f o r  t h e  
w i n t e r  o f  1968/69, even though i t  was q u i t e  obvious  t h a t  t h e r e  would be 
c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  d e r i v a t i o n  o f  t h e s e  f i g u r e s .  
When one comes t o  examine l o s s e s  i n  p roduc t ion  due t o  snowfa l l ,  t h e r e  
would appear  t o  be no way i n  which r e a l l y  a c c u r a t e  e s t i m a t e s  can be  made. 
l%e on ly  f u l l y  r e l i a b l e  way t o  a t t r i b u t e  l o s s e s  i n  p roduc t ion  t o  s n o w f a l l ,  
i s  i f  t h e  f i r m  h a s  been fo rced  t o  c l o s e  complete ly .  Even such a  s i t u a t i o n  
may n o t  r e s u l t  i n  t o t a l  l o s s ,  s i n c e  p roduc t ion  may w e l l  s t i l l  be madeup over  
a  peri.od of t ime.  I n  any c a s e ,  a l though some of t h e  f i r m s  surveyed had been 
fo rced  t o  c l o s e  a t  one time o r  a n o t h e r  f o r  p e r i o d s  up t o  48 hours ,  n o t  one had 
had t o  do s o  i n  t h e  w i n t e r  of 1968/69. During t h a t  w i n t e r ,  71% of t h e  respond- 
e n t s  exper ienced  a  p roduc t ion  l o s s  of under  5% on one day,  b u t  i n  most c a s e s  
t h i s  was w i t h i n  t h e i r  o v e r a l l  working margin o f  l o s s  and could  e a s i l y  be made 
up. The same was a l s o  t r u e  o f  t h e  few c a s e s  where t ime l o s t  due t o  snow was 
g r e a t e r .  Not a  s i n g l e  f i r m  admi t t ed  t o  a  permanent l o s s  i n  p roduc t ion .  Nor 
were they ,  i n  many c a s e s  (46%) fo rced  t o  pay f o r  i n c r e a s e d  absen tee i sm,  s i n c e ,  
even on snow days ,  employees n o t  coming i n t o  work r e c e i v e d  no pay. Indeed,  
t h e r e  was no evidence t o  show t h a t  a  f i r m  s u f f e r e d  any d i r e c t  l o s s e s  o t h e r  
than  t h e  ve ry  smal l  amounts which were expended on ad jus tment .  It appears  
t h a t  a s  f a r  a s  manufactur ing f i r m s  a r e  concerned,  t h e  c o s t s  a r e  borne a lmos t  
e x c l u s i v e l y  by t h e  p u b l i c  s e c t o r  and by i n d i v i d u a l  workers .  
- - 
There were two main ways i n  which f i rms  combatted snow: e i t h e r  by spread ing  
s a l t  and chemicals ,  o r  by us ing  heavy equipment t o  remove i t .  The only o the r  
a l t e r n a t i v e  mentioned was by a  f i r m  i n  Rochford, which heated the  s idewalk o u t s i d e  
i t s  main o f f i c e  b lock  a t  an average c o s t  of $600 a  y e a r .  Of t h e  two major methods, 
sp read ing  s a l t  and chemicals  was by f a r  t h e  most popular and t h e  ma jo r i t y  of f i rms  
seems t o  r e s o r t  t o  t h i s  method e x c l u s i v e l y .  Only 10 f i rms  (15%) d id  no t  purchase 
some form of meltkng agent  on an annual b a s i s  and h a l f  of t he se  were i n  E v a n s v i l l e .  
Indeed,  f o r  many of t h e  f i rms  o u t s i d e  the  heavy snow a r e a s  t he  purchase of s a l t  
and chemicals  was v i r t u a l l y  t h e  sum t o t a l  of t h e i r  expenses on adjustment  t o  
snow hazard .  Of those  surveyed who d id  use any a v a i l a b l e  t r ucks  o r  t r a c t o r s  on 
t h e  s i t e ,  r a t h e r  than s p e c i a l i s t  equipment. Neve r the l e s s ,  28 f i rms  (44%) d i d  
own snow plows. A l l  t hose  w i th  more than  100 employees i n  t h e  heavy snow a r e a s ,  
U t i ca  and Duluth,  owned one a s  w e l l  a s  some i n  t h e  medium snow zone, Canton and 
Rochford. However, i n  Evansv i l l e  and Greensboro t h e r e  was only one f i r m  which 
had a  snow plow. Equa l l y ,  s i z e  of f i rm  a l s o  a f f e c t e d  t h e  type of equipment owned: of 
t h e  f i rms  w i t h  l e s s  than  100 employees, t h e r e  were only t h r e e  t h a t  had d i r e c t  
a cce s s  t o  a  plow. 
A somewhat s u r p r i s i n g  r e s u l t  from the  survey was t h e  smal l  number of f i rms  
t h a t  sub-cont rac ted  snow removal. For shopping p l a z a ' s  and l o c a l  a u t h o r i t i e s  
t h i s  was f r e q u e n t l y  done, bu t  only a  q u a r t e r  of the  manufacturing f i rms  used 
o u t s i d e  he lp .  A number of f i rms  were ques t ioned  on t he  mat te r  and t h e r e  appeared ' 
t o  be two main reasons  f o r  t h e i r  r e l u c t a n c e .  F i r s t  t h e r e  was t h e  d i f f i c u l t y  i n  
f i n d i n g  c o n t r a c t o r s  who were no t  a l r e ady  f u l l y  booked t o  l o c a l  a u t h o r i t i e s  on 
a  long-term b a s i s ,  and second most f i rms  had maintenance crews and heavy equipment 
a l r e a d y  a v a i l a b l e  on t he  s i t e .  
Re t a i l i n g  
Although t h e  b a s i c  ques t i onna i r e  f o r  ga the r i ng  t h e  in format ion  on r e t a i l i n g  
was e x a c t l y  t h e  same a s  t h e  one f o r  manufactur ing,  t he  r e s u l t s  t h a t  could be 
gleaned from i t  were very  much more l i m i t e d .  The t o t a l  number of shops v i s i t e d  
was on ly  32 and t he se  were s e l e c t e d  i n  such a  haphazard way t h a t  any i n t e r n a l  
c imparisons  were v i r t u a l l y  impossible .  However, t he  s t r i k i n g  t h ing  about t h e  
o v e r a l l  conc lus ions  was t he  s i m i l a r i t y  t o  those  from t h e  manufacturing survey.  Of 
t he  n a t u r a l  c l i m a t i c  hazards ,  snow emerged a s  c l e a r l y  being t he  most dangerous,  
bu t  i t  was s t i l l  a  poor second behind i n f l uenza  i n  t h e  o v e r a l l  r ank ings .  An 
even g r e a t e r  pe rcen tage  of r e t a i l e r s  (43%) s a i d  t h a t  they  would l i k e  t h e  snow 
environment t o  s t a y  t h e  same and,  of t h e  r e s t ,  a l l  would have p r e f e r r e d  l e s s  snow 
o r  none a t  a l l .  The shopkeepers  a l s o  emerged a s  a v i d  w a t c h e r s  of t h e  weather  
f o r e c a s t s  of t h e  T.V. 93% l i s t e n e d  t o  t ~ ~ i s  i n f o r m a t i o n  d a i l y  and 52% s a i d  t h a t  
t h e y  k e p t  a  d e t a i l e d  r e c o r d  of  t h e  weather  s o  t h a t  they  cou ld  make some assessment  
a s  t o  how i t  a f f e c t e d  s a l e s .  The answers t o  t h e  q u e s t i o n s  abou t  which snow c o n d i t i o n s  
t h e y  found most and l e a s t  d i s r u p t i v e  were even more c l e a r  c u t  t h a n  w i t h  t h e  manu- 
f a c t u r i n g  f i r m s .  F r e e z i n g  r a i n  was a lmos t  u n i v e r s a l l y  h a i l e d  a s  t h e  w o r s t  p o s s i b l e  
haza rd ,  fo l lowed 'a l o n g  way behind by snow w i t h  h igh  winds and d r i f t i n g  and snow 
f a l l i n g  i n  t h e  morning. Snow l y i n g  o r  f a l l i n g  a t  n i g h t  were c l e a r l y  viewed a s  
b e i n g  t h e  l e a s t  harmful .  
However, i n  complete c o n t r a s t  t o  t h e  manufactur ing s u r v e y  t h e  r e t a i l e r s  emerged 
as b e i n g  d e e p l y  concerned about  l o s t  s a l e s .  The managers of most t y p e s  of shop 
f i r m l y  b e l i e v e d  t h a t  t h e  p a t t e r n  of  s n o w f a l l  th rough  t h e  w i n t e r  could  s i g n i f i -  
c a n t l y  a f f e c t  t o t a l  s a l e s .  The n e x t  s e c t i o n  c o n s i d e r s  t h i s  q u e s t i o n  i n  d e t a i l .  
V a r i a t i o n s  i n  s a l e s  due t o  s n o w f a l l  
The s u r v e y  was plagued throughout  by a  g r e a t  r e l u c t a n c e  on t h e  p a r t  of 
r e t a 6 i l e r s  t o  d i v u l g e  a n y t h i n g  b u t  broad h i n t s  about  t h e i r  s a l e s .  Even where 
r e s p o n d e n t s  were c o - o p e r a t i v e ,  t h e y  would o n l y  g i v e  pe rcen tage  f i g u r e s  showing 
how much s a l e s  were up o r  down on t h e  comparable day t h e  yea r  b e f o r e .  L u c k i l y ,  
however, a  c h a i n  of depar tment  s t o r e s  i n  Worces ter  ag reed  t o  g i v e  u s  t h e i r  g r o s s  
d a i l y  s a l e s  f i g u r e s  f o r  b o t h  t h e  w i n t e r s  of 1968/69 and 1967168. I t  was a n  
e x c e p t i o n a l l y  f o r t u n a t e  chance s i n c e  t h e r e  were seven  s t o r e s  i n  t h e  G r e a t e r  
Worces ter  a r e a  and one was t h u s  a b l e ,  n o t  o n l y  t o  b u i l d  up a  p i c t u r e  of t h e  
i n d i v i d u a l  s t o r e ,  b u t  a l s o  a  composite one showing r e t a i l  behav io r  throughout  t h e  
c i t y .  
It was found t h a t  t h e r e  was a  v e r y  d i s t i n c t  p a t t e r n  i n  weekly s a l e s  o v e r a l l  
and t h a t  t h i s  appeared o n l y  t o  be  broken by t h e  i n t e r v e n t i o n  of major p u b l i c  
h o l i d a y s  such  a s  Chr i s tmas .  T h i s  p a t t e r n  is  shown i n  f i g u r e  1. 
of s a l e s  
vO1* 1 Closed Mon. and Sun. 
Tues . Wed. Thurs .  F r i .  S a t .  
F i g u r e  1 
- .  
~ i a ~ r a m m a t i c  p i c t u r e  of s a l e s  p a t t e r n  f o r  Worces ter  c h a i n  s t o r e  
This  p a t t e r n  w i t h  a  g e n e r a l  b u i l d  up through t h e  week t o  F r i d a y  and t h e n  a  
s l i g h t  f a l l  i n  Sa tu rday  t r a d e  was r e p e a t e d  f o r  a l l  seven s t o r e s ,  a l though  
n a t u r a l l y  t h e  volume of t r a d e  a t  each v a r i e d  c o n s i d e r a b l y .  
The d a t a  were t h e n  t e s t e d  a g a i n s t  t h e  snow i n f o r m a t i o n  f o r  Worces ter  t o  f i n d  
o u t  whether  snow s torms caused e i t h e r  a l t e r a t i o n  i n  t h e  b a l a n c e  of t r a d e  between 
s t o r e s ,  ( eg :  r e d u c i n g  t h e  volume of t h e  downtown l o c a t i o n  r e l a t i v e  t o  t h e  suburbs )  
o r  o v e r a l l  changes i n  t h e  volume of s a l e s ,  a s  compared w i t h  t h e  e q u i v a l e n t  day i n  
t h e  p reced ing  y e a r .  I n  b o t h  c a s e s  t h e r e  appeared t o  be l i t t l e  s i g n i f i c a n t  d i s -  
r u p t i o n .  There was no ev idence  t h a t  r e l a t i v e  s a l e s  between t h e  s t o r e s  were 
a f f e c t e d  at  a l l  and on ly  on February  l o t h ,  1969, a f t e r  t h e r e  had been a  13.7 i n c h  
s n o w f a l l  of t h e  9 t h ,  was t h e r e  an o v e r a l l  r e d u c t i o n  i n  s a l e s  of more t h a n  3% on any 
g iven  day over  t h e  same day t h e  p rev ious  y e a r .  I n  t h i s  p a r t i c u l a r  c a s e  s a l e s  were 
down 7% on Wednesday, February  1 0 t h  a s  compared t o  Wednesday, February  l l t h ,  1968. 
However, a g a i n s t  t h i s ,  one must s e t  t h e  f a c t  t h a t  on Thursday,  February  1 2 t h ,  1969, 
s a l e s  were up 5% on t h e  y e a r  b e f o r e .  Indeed,  t h e r e  was no ev idence  t o  p o i n t  t o  
a n y t h i n g  b u t  s a l e s  b e i n g  s imply d e f e r r e d  i n  t h i s  c a s e  and even t h i s  i n t e r r u p t i o n  
t o  t h e  g e n e r a l  f low was u n u s a l .  
The e x p e r i e n c e  a t  t h i s  c h a i n  of s t o r e s ,  however, may v e r y  w e l l  n o t  be 
t y p i c a l  of a l l  t y p e s  of r e t a i l  o u t l e t .  The f a c t  t h a t  t h e s e  were g r o s s  s a l e s  
f o r  a  l a r g e  s t o r e  s e l l i n g  a  v e r y  wide v a r i e t y  of goods may w e l l  have had 
two consequences .  F i r s t ,  shoppers  would t end  t o  g r a v i t a t e  towards t h a t  type  
of s t o r e  i n  snowy w e a t h e r ,  because  t h e y  could  buy most of t h e i r  goods t h e r e ,  
r a t h e r  t h a n  shopping around.  Second, t h e  wide range  of goods would mean t h a t  a  
s i n g l e  f i g u r e  f o r  g r o s s  t o t a l  s a l e s  c o u l d ,  i n  f a c t ,  h i d e  impor tan t  changes 
i n  t h e  p a t t e r n  of s a l e s  w i t h i n g  t h e  shop.  
The a t t i t u d e  of many s t o r e  keepers  towards t h e  inconvenience  of s n o w f a l l  
was c o l o r e d  by t h e  f a c t  t h a t  t h e  presence o r  absence of snow i n  g e n e r a l ,  i t s e l f  
g e n e r a t e d  q u i t e  a  l a r g e  volume of s a l e s  i n  w i n t e r .  For r e t a i l e r s  market ing 
automobi le  a c c e s s o r i e s ,  snow r e l a t e d  goods, such a s  snow t i r e s  and d e - i c i n g  
s p r a y s ,  were impor tan t  i t ems  of w i n t e r  s a l e s .  E q u a l l y  t h e  footware  i n d u s t r y  
counted on f a l l  and e a r l y  w i n t e r  s n o w f a l l  t o  boos t  s a l e s  of b o o t s  and heavy 
shoes .  However, i m p o r t a n t  a s  t h i s  market  was t o  such shops ,  t h e s e  s a l e s  a r e  
n o t  r e l a t e d  t o  our concern ,  t h e  e f f i c i e n c y  of t h e  munic ipa l  snow-removal 
o p e r a t i o n s ,  e x c e p t  i n  s o  f a r  a s  s t r e e t s  were n o t  p a s s a b l e ,  when s a l e s  of t h e s e  
goods would s u f f e r  e q u a l l y  i t h  any o t h e r s .  
Summary and conc lus ions  
Snowfal l  could  t h e o r e t i c a l l y  have a f f e c t e d  manufactur ing and r e t a i l i n g  
i n  t h e  Uni ted S t a t e s  i n  a  number of ways, b u t  i n  f a c t  t h e  o n l y  r e a l  problem 
was t h e  r e s t r i c t i o n  on f r e e  and e a s y  t r a f f i c  c i r c u l a t i o n  and removal e f f o r t s  were 
geared e n t i r e l y  t o  minimizing t h i s  d i s l o c a t i o n .  Even a l lowing  f o r  t h e  incon- 
ven ience ,  t h e  economic impact of snow on t h e  p r i v a l e  s e c t o r  was s m a l l  and t h i s  
was r e f l e c t e d  i n  t h e  r a t h e r  ambivalent  a t t i t u d e  towards i t  of t h e  people  
i n t e r v i e w e d .  Most had no s t r o n g  o p i n i o n s  about snow, a l though  t h e r e  was i n  
g e n e r a l  a  d e s i r e  t o  s e e  r a t h e r  l e s s  of i t  i n  w i n t e r ,  b u t  it i s  worth p o i n t i n g  
o u t  t h a t  what concern t h e r e  was tended t o  be w i t h  t h e  form of t h e  snow s to rm 
r a t h e r  t h a n  w i t h  t h e  snow i t s e l f .  Once t h e  ground was a c t u a l l y  covered,  snow ap- 
peared t o  c r e a t e  v e r y  few s e r i o u s  problems. 
The main r e a s o n  f o r  t h e  r e l a t i v e l y  minor impact of snow on t h e  p r i v a t e  
s e c t o r ,  i s  t h a t  removal i s  accepted a s  a  p a r t  of t h e  p u b l i c  s e r v i c e  t o  a  c i t y .  
Any l o c a l  t a x  payer ,  and c e r t a i n l y  a  l a r g e  c o n t r i b u t o r  such a s  a  f a c t o r y ,  f e e l s ,  
q u i t e  j u s t i f i a b l y ,  t h a t  he can put  p r e s s u r e  on t h e  c i t y  a u t h o r i t i e s  t o  keep 
s t r e e t s  open a t  a l l  t imes ,  i r r e s p e c t i v e  of t h e  c o s t .  As a  r e s u l t  he i s  a lmost  
e n t i r e l y  f r e e d  of any d i r e c t  f i n a n c i a l  burden through snow. Th is  was s u b s t a n t i a t e d  
a t  a l l  t h e  shops and f a c t o r i e s  v i s i t e d ;  i n  e v e r y  c a s e  snow removal was a  v e r y  
minor i t em of e x p e n d i t u r e ,  i n  many c a s e s  t o o  smal l  t o  demand s e p a r a t e  c a l c u l a t i o n .  
D e s p i t e  a l l  t h i s ,  however, i t  must be s t r e s s e d  t h a t  snow s torms s t i l l  cause  
some urban d i s r u p t i o n  and b o t h  manufactur ing and r e t a i l i n g  do s u f f e r  some l o s s e s  
s i g n i f i c a n t  o r  r e a l l y  damaging. I n  most c a s e s  l o s s e s  i n  p roduc t ion  o r  s a l e s  a r e  
no g r e a t e r  t h a n  t h e  v a r i a t i o n  g e n e r a l l y  accep ted  by a  f i r m  on i t s  d a i l y  ou tpu t  and 
can e a s i l y  be compensated f o r  i n  normal working hours .  Although t h e  f i g u r e s  
g a t h e r e d  were s c a n t y ,  t h e r e  was no evidence t o  show a  f a l l  o f f  i n  tu rnover  l a s t i n g  
more t h a n  one o r  two days and i f  one compared weekly t o t a l s  w i t h  those  f o r  p rev ious  
y e a r s ,  they  were i n v a r i a b l y  improved. 
I n  conc lus ion ,  urban snow i n  t h e  Uni ted S t a t e s  cannot  be c l a s s e s  a s  any th ing  
o t h e r  t h a n  a  minor inconvenience t o  e i t h e r  manufactur ing o r  r e t a i l i n g .  Even i n  
heavy snow a r e a s ,  t h e  a d a p t i o n  of t h e  c i t y  a u t h o r i t i e s  and t h e  g e n e r a l  p u b l i c  t o  
t h e  hazard i s  such t h a t  p r i v a t e  i n d u s t r y  ( b o t h  manufactur ing and r e t a i l i n g )  i s  
s h i e l d e d  from a l l  but-  t h e  most minor e f f e c t s .  
CHAPTER 7  
INDIVIDUAL ATTITUDES AND ADJUSTMENTS TO SNOW 
Peggy Lentz and Duane D. Baumann 
An i n d i v i d u a l s  a t t i t u d e  toward snow may be i n f l u e n t a i l  i n  t h e  form- 
u l a t i o n  and implementat ion of a  p u b l i c  snow c o n t r o l  program, and may 
i n f l u e n c e  h i s  own s t r a t e g y  of ad jus tment ,  a s  w e l l  a s  h i s  psychic  we l l -  
being.  
T h i s  c h a p t e r  i n v e s t i g a t e s  t h e  pe rsona l  r esponses  of c i t y  r e s i d e n t s  
t o  t h e  urban snow hazard ,  i n d i v i d u a l  ad jus tments  commonly adopted t o  t h e  
h a z a r d ,  and a t t i t u d e s  toward urban snow c o n t r o l  measures a r e  exp lored  
w i t h i n  d i f f e r e n t  snow environments.  Our e f f o r t s  were d i r e c t e d  t o  four  
s a l i e n t  q u e s t i o n s  : 
1. Does t h e  amount of s n o w f a l l  a f f e c t  a n  i n d i v i d u a l ' s  e v a l u a t i v e  
a t t i t u d e  toward h i s  snow environment? 
2. Does a n  i n d i v i d u a l ' s  assessment  of h i s  snow environment d i s p l a y  
a  s e a s o n a l  s h i f t ,  i . e . ,  i s  snow more h i g h l y  valued i n  summer 
t h a n  i n  w i n t e r ?  
3 .  To what e x t e n t  does a n  i n d i v i d u a l ' s  a t t i t u d e  toward snow a f f e c t  
h i s  l e v e l  of adjus tment?  
4 .  F i n a l l y ,  what a r e  t h e  i m p l i c a t i o n s  of i n d i v i d u a l s  a t t i t u d e s  f o r  
p u b l i c  snow c o n t r o l  p o l i c i e s ?  
Study Design 
The s t u d y  was conducted d u r i n g  two d i f f e r e n t  seasons  i n  one Canadian 
and s i x  American c i t i e s .  A s  i n  t h e  o t h e r  i n d i v i d u a l  s t u d i e s  con ta ined  i n  
t h i s  r e p o r t ,  i n t e r v i e w  s i t e s  were chosen t o  r e f l e c t  r e g i o n a l  d i f f e r e n c e s  
i n  average  annua l  s n o w f a l l  i n  o r d e r  t o  de te rmine  i f  d i f f e r i n g  amounts 
a f f e c t  a n  i n d i v i d u a l ' s  p e r c e p t i o n  of and ad jus tment  t o  snow (Tab le  7 - 1 ) ;  
I n  t h e  sample,  two c i t i e s  had low, two moderate,  and two h i g h  average  
annual  snowfa l l .  
Telephone i n t e r v i e w s  f o r  t h e  s t u d y  were conducted d u r i n g  t h e  summer 
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of 1969 on subjects selected at random from metropolitan telephone books.i/ 
Mail questionnaires were sent to the same subjects the following March to 
measure if an individual's evaluation of snow in urban areas differed sig- 
nificantly by season. Of the 303 interviews completed during the summer of 
1969, only 20 per cent responded to the mail questionaire in March. The 
response varied, however, among the six cities. In the two cities with the 
lowest amount of average annual snowfall the rate of response dropped to 
12 per cent, but in Rockford with moderate average annual snowfall, 34 per 
cent was registered. 
The two questionnaires were not exactly the same; however, in order to 
measure any attitude change, the March questionnaire did include several 
questions from the August questionnaire. 
Table 7-1 
Number of Responses in Study Sites 
Season Average 
City Summer Winter* Annual 
Snowfall 
Evansville, Ind. 54 7 14.4 
Nashville, Tenn. 50 6 9.0 
Rockf ord, Ill. 47 16 31.7 
Canton, Ohio 5 1 10 38.7 
Utica, New York 5 2 10 ---- 
Worcester, Mass. 49 14 60.0 
Total 303 6 3 
*While winter questionnaires were sent to all persons interviewed during 
the summer, the smaller number of winter informants reflects the actual 
number of returns. 
**Climatological Data, U.S. Weather Bureau 
Attitudes and the Snow Environment 
Whether an individual perceives snow as a positive aspect of his 
environment is influenced by the characteristics of his snow environment. 
1/ See Appendix A for a tabulation of socioeconomic characteristics 
of thz -subjects. 
A d e f i n i t e  p a t t e r n  i s  apparen t  from a n a l y s i s  of our d a t a .  A ma jo r i t y  of 
those interviewed i n  Evansvi l le  (55%) and Nashvi l le  (68%) ind i ca t ed  t h a t  
they  enjoyed heavy snowfal ls  i n  t h e i r  c i t y ,  while  those  i n  c i t i e s  w i th  
heav ie r  average annual f a l l s  perceived snow a s  e i t h e r  a  nuisance o r  a  
s e r i o u s  inconvenience (Table 7 - 2 ) .  
I n  t he  two c i t i e s  t h a t  experience heavy snows each year ,  Utica  and 
Worcester,  t he  respondents not only d id  not f i nd  a  heavy snowfal l  enjoy- 
a b l e  but considered such an  event  t o  be a  s e r i o u s  inconvenience. Hence, 
t he  general  p a t t e r n  t h a t  emerges i s  t h a t  people i n  a r e a s  of l i g h t  snowfall  
tended t o  regard a  heavy snowfal l  favorab ly ,  respondents i n  a r e a s  of moderate 
snowfal l  were more o r  l e s s  d iv ided ,  and most respondents i n  heavy snow 
regions viewed snow wi th  d i s f avo r .  
Although these  a t t i t u d i n a l  responses a r e  based upon a small  number of 
i n t e rv i ews ,  t h e  p a t t e r n  t h a t  emerges complements t he  f i nd ings  of e a r l i e r  
r e sea rch  on the  percept ion and human adjustment t o  n a t u r a l  hazards .  I n  
a r e a s  where t h e  frequency of hazard occurrence i s  h igh ,  Burton and h i s  
co l legues  found a  l a r g e  number of adopt ions being made by a  high proport ion ' 
of t he  population. And, i n  a r e a s  where t he  occurrence of t h e  hazard i s  low, 
few adopt ions a r e  made by few people. Moreover, "...wide v a r i a t i o n s  a r e  
a l s o  t o  be expected i n  the  propor t ion  of populat ion from place t o  place 
making any p a r t i c u l a r  adjustment1'.L/ 
With t h i s  cons t ruc t  i n  mind, i n  t he  summer survey,  respondents were 
asked whether more, l e s s ,  o r  t he  same amount of snow was prefer red  i n  t h e i r  
a r e a .  Again, i n  t h e  c i t i e s  where snowfal l  i s  r e l a t i v e l y  low and in f r equen t ,  
1/ I a n  Burton, e t  a l .  "The Human Ecology of Extreme Geophysical 
- 
Events." Natural  Hazard Research, Working Paper No. 1, Dept. of Geography, 
Univ. of Toronto, (1968),  p. 19. 
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snorlag 
a  h i g h e r  p r o p o r t i o n  (18%) t h a n  i n  any o t h e r  p l a c e  were e i t h e r  s a t i s f i e d  
o r  wanted more snow d u r i n g  t h e  w i n t e r ;  whereas,  a  m a j o r i t y  of t h e  respon- 
d e n t s  i n  Ut ica  and Worcester opted f o r  l e s s  snow (Tab le  2-3) .  Although 
t h e r e  was some p o s s i b i l i t y  t h a t  t h i s  q u e s t i o n  might be wrongly i n t e r p r e t e d  
by respondents  because of t h e  word "Science", which might evoke s a c c r e -  
l i g i o u s  f e e l i n g s  ( e s p e c i a l l y  among t h o s e  who b e l i e v e  snow i s  a n  a c t  of God). 
However, only  10 per c e n t  of t h e  sample gave no response ,  and i n  t h e  s e c -  
t i o n  f o r  o t h e r  responses  t o  t h i s  q u e s t i o n  on ly  e i g h t  respondents  gave any 
r e f e r e n c e  t o  r e l i g i o n .  
The c o n s i s t e n c y  of responses  between a n  i n d i v i d u a l s  assessment  of 
snow (Tab le  7-2) and h i s  p re fe rence  on type of snow environment (Tab le  7-3) 
was made u s i n g  t h e  Goodman and Kruskal c o e f f i c i e n t  of a s s o c i a t i o n l / ,  which 
i s  a n  o r d i n a l  measure of a s s o c i a t i o n  and i s  i n t e r p r e t e d  much t h e  same a s  
P e a r s o n ' s  R.  (Tab le  7-4) The c o n s i s t e n c y  was found t o  be f a i r l y  high 
(G=-.60);  t h u s ,  t h o s e  respondents  who perce ive  snow a s  a  nu i sance  o r  a  
s e r i o u s  inconvenience p r e f e r  t o  have l e s s  snow, and t h o s e  who cons ider  
snow a s  e n j o y a b l e  p r e f e r  t h e  same amount o r  more snowfa l l  d u r i n g  t h e  w i n t e r  . 
season .2 /  
Consequently,  i n  a r e a s  of heavy s n o w f a l l ,  t h e  g e n e r a l  p u b l i c  may be 
more s e n s i t i v e  t o  snowfa l l  and demand g r e a t e r  e f f i c i e n c y  from t h e  pub l ic  
e f f o r t  of snow removal. And, i n  c i t i e s  w i t h  moderate snowfa l l  where 
e v a l u a t i v e  a t t i t u d e s  toward snow a r e  more d i v i d e d ,  t h e  f o r m u l a t i o n  and 
implementat ion of p u b l i c  snow c o n t r o l  programs may be e q u a l l y  d i f f i c u l t  
bu t  f o r  d i f f e r e n t  r easons .  I n  a d d i t i o n ,  t h e  s e a s o n a l i t y  of snowfa l l  has 
been suggested a s  a  reason  f o r  t h e  i n a b i l i t y  of many c i t i e s  t o  e n a c t  
1/ L i n t o n  C. Freeman, Elementary Applied S t a t i s t i c s :  For S t u d e n t s  
- 
i n  Behavioral  Sc ience ,  New York: John Wileyard Sons,  I n c . ,  1965, pp. 79-88. 
2/  Leonard Doob, "Trop ica l  Weather and A t t i t u d e  Surveys.  I t  P u b l i c  
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p o l i c i e s  d i r e c t e d  toward the  amel iora t ion  of urban snow problems such 
a s  t he  p r o h i b i t i o n  of o f f - s t r e e t  parking. 
Seasona l i ty  and A t t i t u d e  Change 
To the  laymen, a popular view i s  t h a t  a d i r e c t  r e l a t i o n s h i p  e x i s t s  
between phys ica l  and mental s t a t e s  of wel l -being and the temperature 
of t he  atmosphere. Hence, one might expect  a respondent t o  eva lua t e  
snow favorably dur ing  the  scorching h e a t  of an August day and express  
d i s d a i n  fo r  snow dur ing  the l a t t e r  p a r t  of February. 
Though the  seasons change and the  snow may d r i f t ,  a t t i t u d e s  toward 
snow appear t o  be l e s s  f l e x i b l e .  In a study i n  Dar-es Salaam, Tanzania, 
and Nai rab i ,  Kenja, Doob L/, found no c o n s i s t e n t  changes i n  a t t i t u d e s  
toward f i v e  - a p r i o r i  s c a l e s :  temporal o r i e n t a t i o n ,  p a t r i o t i s m ,  govern- 
ment, concept ion of people ,  and the  i n d i v i d u a l ' s  own well -being.  
Respondent 's  were interviewed between two seasons,  a p l ea san t  and un- 
p l ea san t  season. I n  t he  presen t  s tudy,  the  respondents appear t o  main ta in  
t he  same e v a l u a t i v e  a t t i t u d e  toward snow i n  August and February. 
Nevertheless ,  a s h i f t  i n  a t t i t u d e  change d i d  appear between summer 
and win t e r  i n  each of the  c i t i e s ,  but  t he  change was no t  c o n s i s t e n t .  
I n  Regina, 21 per  cen t  and Rockford, 31 per  cen t  considered snow a s  
enjoyable  when quer ied  i n  August; b u t ,  i n  February, 37 per cen t  of the  
same respondents  i n  Regina perceived snow a s  enjoyable  and 50 per  cen t  of 
those  i n  Rockford responded favorably.  
I n  each of t he  o the r  c i t i e s ,  t he  s h i f t  i n  a t t i t u d e  toward snow was 
i n  t h e  oppos i te  d i r e c t i o n .  That i s ,  more respondents  found snow enjoy- 
a b l e  dur ing  August than during February. 
1/ Leonard Doob, "Tropical Weather and A t t i t u d e  Surveys." Publ ic  
op in ion  Quar te r ly ,  32 ( F a l l ,  1968), pp. 423-430. 
The f a c t o r s  accounting f o r  the  d i f f e r e n t  s h i f t s  i n  a t t i t u d e ,  though 
no t  c o n s i s t e n t  o r  s t a t i s t i c a l l y  s i g n i f i c a n t ,  a r e  unknown. It may be t h a t  
a t t i t u d e s  toward the  snow environment may be a  func t ion  of a  pe r son ' s  
more b a s i c  va lues  o r  p r imi t i ve  b e l i e f  system. L/ Before t h i s  survey, we 
had v i r t u a l l y  no information on pub l i c  a t t i t u d e  toward snow, and i f ,  i t  
seems d e s i r a b l e ,  we pursue a  b e t t e r  understanding of t he  determinants  
of t he se  a t t i t u d e s ,  a t t e n t i o n  must be focused upon the  underlying values .  
Nevertheless ,  an e f f o r t  was made t o  i d e n t i f y  t he  reasons accounting 
f o r  a  favorab le  o r  unfavorable  eva lua t ion  of snow. A two-part  ques t ion  
i n  t h e  summer i n t e rv i ew  schedule asked what each thought was the  worst  
t h ing  and the  b e s t  th ing  about snow (Table 5 ) .  Evansv i l l e ,  wi th  a  
l i g h t  amount of average annual snow, most c l e a r l y  saw the  worst  t h ing  
about snow t o  be an unspec i f ied ,  gene ra l  hazard and secondly, ug l ines s .  
Nashvi l le  and Rockford were d iv ided  i n  t h e i r  eva lua t ion  between a  
gene ra l ,  o v e r a l l  hazard,  and s p e c i f i c a l l y  an impediment t o  t r a v e l .  
Canton, U t i ca ,  and Worcester most o f t e n  emphasized the  impediment t o  
t r a v e l  a s  t he  worst  aspec t .  Residents  of Regina were s p l i t  i n  t h e i r  
op in ions  recognizing the  impediment t o  t r a v e l ,  t he  hazard,  and the  
u g l i n e s s  r e s u l t i n g  from c i t y  snow. 
Although the  r e s u l t s  a r e  somewhat mixed, a  weak p a t t e r n  i n  t he  d a t a  
sugges ts  t h a t  t he  l e s s  snow a c i t y  has ,  t he  more r e s i d e n t s  i d e n t i f y  
i s  a s  being g e n e r a l l y  hazardous, an unspec i f i ed ,  eva lua t ive  response;  
b u t ,  t he  more snow a c i t y  h a s ,  t he  d i f f i c u l t y  i n  t r a v e l  becomes the  
main cons idera t ion .  
2 /  See Mil ton Rokeach, Be l i e f s ,  A t t i t u d e s ,  and Values: Theory of 
- 
Organizat ion and Change, San Francisco:  Jossey  Bass, Inc . ,  1970, e s p e c i a l l y  
pp. 1-23. 
TABLE 7-5 
The Worst Thing About Snow i n  t h e  Wintert ime ( p e r  cen t  by rows) 
The Best Thing About Snow i n  t h e  Wintert ime ( p e r  c e n t  by rows) 
C i t y  
E v a n s v i l l e  
Nashv i l l e  
Rockf ord 
Canton 




ug ly  
2 2 
7 





C i t y  
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S i g n i f i c a n t l y ,  only a  small percentage of people perceived snow 
r e l a t e d  t o  an economic d i s b e n e f i t .  Except f o r  Worcester, l e s s  than 10 
per  cent  of the respondents considered snowfall  t o  be an economic cos t .  
One might specula te  t h a t  any publ ic  p l ea  f o r  po l icy  change i n  snow 
con t ro l  programs would appear t o  not  be founded upon economic c r i t e r i a  
bu t  r a t h e r  upon perceived,  p o t e n t i a l  o r  r e a l ,  psychic l o s ses .  Witness, 
f o r  example, the  negat ive f e e l i n g s  toward snow expressed i n  the  category 
of a  general  hazard,  ug l ines s ,  o r  an impediment t o  the  normal flow of 
t r a f f i c .  
The perceived b e n e f i t s  of snow were ubiqui tous  f o r  each of the c i t i e s .  
Only Nashvil le  and Regina d id  not  have a  major i ty  responding wi th  the  
p leasurable  a spec t s  of snow (Table 5 ) .  And, nobody considered snow t o  
have economic b e n e f i t s  although a  small  number d id  mention snow t o  be 
func t iona l  i n  na tu re ,  f o r  example, by adding moisture t o  the  n a t u r a l  
environment. Commensurate with our o the r  f ind ings ,  only i n  Worcester 
and Ut ica ,  the two heavy snowfall  c i t i e s ,  were a  s i g n i f i c a n t l y  l a r g e r  
percentage of respondents unable t o  i d e n t i f y  anything good about snow. 
In summary, the general  a t t i t u d e s  of c i t y  r e s i d e n t s  toward snow i n  
t h e i r  urban environment vary with the  snow environment but  no t  by season. 
I n  c i t i e s  with the  l e a s t  average annual snow, respondents he ld  the most 
favorable  a t t i t u d e s  toward snow. I n  low snow environments, snow was 
perceived more negat ive ly ;  and, i n  the  middle range respondents were 
d iv ided ,  holding sharply d i f f e r e n t  views toward snow. These ind iv idua l  
eva lua t ions  d id  not  markedly s h i f t  from Summer t o  Winter. I n  two c i t i e s ,  
respondents valued snow more during win ter  than i n  summer; whereas, i n  
the  remainder of the c i t i e s ,  the s h i f t  i n  a t t i t u d e  toward snow was toward 
the  negat ive  i n  winter .  Moreover, t he  worst a spec t s  about snow were 
i d e n t i f i e d  a s  an  u n s p e c i f i e d  p e n e r a l  hazard and t r a n s p o r t a t i o n  problems. 
But a g a i n ,  r e s i d e n t s  i n  a r e a s  of heavy snowfa l l  were more a r t i c u l a t e  i n  
i d e n t i f y i n g  a  n e g a t i v e  c h a r a c t e r i s t i c  o f  snow--a impediment t o  t r a v e l .  
And f i n a l l y ,  few r e s i d e n t s  saw snow a s  t h e  cause  o f  an  economic c o s t  
w h i l e  most saw a t  l e a s t  something p l e a s u r a b l e  i n  a  heavy snowfa l l .  
I f  t h o s e  responden ts  d i d  n o t  have t o  t r a v e l  t o  work on heavy snowfa l l  
days ,  would t h e i r  a t t i t u d e s  change toward a  more f a v o r a b l e  e v a l u a t i o n ?  
I f  t h e  "snowfall" i d e a  were implemented i n t o  p u b l i c  p o l i c y ,  t h e  psych ic  
l o s s e s  now a t t r i b u t e d  t o  snow i n  u rban  a r e a s  might be  g r e a t l y  reduced. 
We w i l l  r e t u r n  t o  t h e  i m p l i c a t i o n s  of t h i s  a l t e r n a t i v e  l a t e r .  
Human Ad j u s  tmen t 
The summer i n t e r v i e w  q u e s t i o n n a i r e  con ta ined  a  number of i n q u i r i e s  
r e g a r d i n g  t h e  p r e p a r a t i o n s  people  i n d i v i d u a l l y  t a k e  bo th  a t  home and i n  
t h e i r  c a r s  t o  combat t h e  snow hazard.  I n  t h e  fo l lowing  s e c t i o n ,  t h e  
d a t a  were analyzed f o r  r e g i o n a l  d i f f e r e n c e s  i n  p reparedness ,  and t h e  
f a c t o r s  i n f l u e n c i n g  t h e s e  d i f f e r e n t  i n d i v i d u a l  s t r a t e g i e s ,  such a s  
income, and e v a l u a t i v e  a t t i t u d e s  toward snow. 
Among responden ts  who were c a r  owners, t h e  most common adjus tment  
was t h e  c a r r y i n g  of a  windsh ie ld  s c r a p e r  (Table 6 ) .  Of t h e  sample 
p o p u l a t i o n ,  86 p e r  c e n t  adopted t h i s  adjus tment .  S i g n i f i c a n t l y ,  t h e r e  
were no d i f f e r e n c e s  i n  t h e  pe rcen tage  o f  people  by r e g i o n  who made t h e  
a d o p t i o n ,  nor  were p e r s o n a l ,  e v a l u a t i v e  f e e l i n g s  abou t  snow r e l a t e d  
(Table 7 ) .  
The ad jus tment  d a t a  was a l s o  broken down between suburban house- 
wives  and o t h e r s  because  housewives r e p r e s e n t e d  44 per  c e n t  of t h e  
sample p o p u l a t i o n  (Table 8 ) .  While a  m a j o r i t y  of both  groups c a r r i e d  
w i n d s h i e l d  s c r a p e r s ,  t h e  pe rcen tages  w e r e  found t o  be s i g n i f i c a n t l y  
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S i m i l a r l y ,  when responden ts  were grouped by income, t h e r e  was no 
s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p  Eletween t h e  adop t ion  of wind- 
s h i e l d  s c r a p e r s  and income c l a s s  (Table 9 ) .  However, a  d i f f e r e n c e  d i d  
appear  when c i t y  r e s i d e n t s  were grouped accord ing  t o  age - t h o s e  over  
60 were t h e  on ly  group w i t h  a  m a j o r i t y  n o t  hav ing  windsh ie ld  s c r a p e r s  
(Table l o ) ,  and t h e  on ly  i n  which age was s t a t i s t i c a l l y  s i g n i f i c a n t l y  
r e l a t e d  t o  t h e  adop t ion  of a d j u s t m e n t . l /  - 
Each ad jus tment  l i s t e d ,  whether f o r  t h e  home o r  c a r ,  (Tables  6-10) 
can s i m i l a r l y  be reviewed. I n  g e n e r a l ,  human ad jus tment  t o  t h e  snow 
hazard  appears  t o  be r a t h e r  u b i q u i t o u s .  It appears  t h a t  only  t h e  l i k l i -  
hood of hav ing  snow t i r e s  v a r i e s  by r e g i o n  - expec ted ly  heavy snow 
c i t i e s  having them more o f t e n  (Table 6 ) .  But, t h e  l i k l i h o o d  of c a r r y i n g  
a  shove l  i n  t h e  c a r  appears  t o  va ry  w i t h  p e r s o n a l  a t t i t u d e s  toward snow 
(Table 7 ) .  
P u b l i c  Opinion on Snow Control  Measures. 
"Only God Helps t h e  l i t t l e  s i d e  s t r e e t s  g e t  plowed. I '  
Worcester 
" . . . bu t  s i n c e  snow d o e s n ' t  b o t h e r  me, I d o n ' t  pay much 
a t t e n t i o n  t o  f o r e c a s t s . "  
Regina 
There a r e  two p u b l i c  f o r c e s  i n  a  c i t y  which a r e  charged w i t h  h e l p i n g  
t h e  r e s i d e n t s  cope w i t h  snow h a z a r d s ;  t h e  c i t y  government and t h e  wea ther  
bureau.  Both perform t h e i r  f u n c t i o n  w i t h  va ry ing  degrees  of e f f i c i e n c y  - 
a s  viewed by peop le  i n  t h e  c i t i e s .  This  l a s t  p a r t  of t h e  s tudy  i s  concerned 
w i t h  p u b l i c  op in ion  on t h e  u s e f u l n e s s  of snow c o n t r o l  measures t o  them. 
One o b j e c t i v e  i n  t h e  summer i n t e r v i e w  was t o  de te rmine  i f  people  
thought  t h e  snow removal e f f o r t s  of t h e i r  c i t y  were adequate.  Based 
upon t h e  summer i n t e r v i e w  d a t a ,  we f i n d  t h a t  r e s i d e n t s  have d i f f i c u l t y  
1/ x2 = 85.24 s i g .  a t  . O 1  l e v e l .  
- 
i n  r e a l i s t i c a l l y  eva lua t ing  the o v e r a l l  snow removal program. Concerning 
a l l  interviewees,  nea r ly  one-third of the  respondents (32%) gave no 
response concerning the  adequacy of t he  municipal snow removal program. 
These answers i nd ica t e  t h a t  i s  was d i f f i c u l t  f o r  people t o  comprehend 
the  amounts of money named by the  in te rv iewers  when making a  judgment 
about t he  e f f i c i e n c y  of the program. We f i n d  t h a t  few people a r e  aware 
of t he  percentage of t h e i r  c i t y ' s  budget expended upon snow con t ro l ;  
indeed, few people were aware of what may c o n s t i t u t e  good f i s c a l  po l i cy  
f o r  snow cont ro l .  Only i n  Regina and Worcester were o the r  opinions 
( too  much o r  too l i t t l e )  expressed by more than 40 per  cen t  of the 
respondents.  
When the  ques t ion  of publ ic  expenditure  and q u a l i t y  of snow con t ro l  
were c ross - tabula ted  with personal  a t t i t u d e s  t o  snow (Table 2 ) ,  a  weak 
r e l a t i o n s h i p  appears t o  emerge. Those respondents f ind ing  snow t o  be a  
, 
se r ious  inconvenience were the  most l i k e l y  t o  r ep ly  "too l i t t l e "  - an 
answer c o n s i s t e n t  with t h e i r  f e e l i n g s ,  (Table 11 ) .  Otherwise, here  too,  
no s t rong  p a t t e r n  emerges. 
Summary. 
P a r t  of the study of any n a t u r a l  hazard i s  determining how people 
who a r e  a f f ec t ed  by i t  dea l  with the hazard. Ci ty r e s i d e n t s  a r e  a f f l i c t e d  
by snow every year ;  r e s i d e n t s  i n  s i x  American c i t i e s  and one Canandian 
c i t y  were interviewed i n  t h i s  s tudy t o  obta in  a  c ros s - sec t ion  of pub l i c  
opinion on snow, on ind iv idua l  adjustments t o  snow, and on pub l i c  snow 
con t ro l  measures. 
Personal a t t i t u d e s  toward snow var ied  by c i t y  - c i t i e s  with the  l e a s t  
snowfall  were l i k e l y  t o  judge snow t o  be enjoyable;  those wi th  the  most 
were l i k e l y  t o  judge it a  s e r ious  inconvenience. While t he  hazard of snow 
-. 
TABLE 7-11 
By C i t y  
E v a n s v i l l e  
N a s h v i l l e  
Rockford 
Canton 
U t i c a  
Worcester  
Regina 
Your c i t y  government now spends $ (amount a p p r o p r i a t e  f o r  
each c i t y )  on snow removal; c o n s i d e r i n g  t h e  j ob  t h e y  do ,  
do  yau t h i n k  t h i s  i s :  (pe rcen tage  by rows) 
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o r  t h e  impediment t o  t r a v e l  i t  causes  were o f t e n  c i t e d  a s  problems, 
c i t y  r e s i d e n t s  were no t  func t iona l ly  a b l e  t o  judge value-received on 
c i t y  expendi tures  f o r  snow con t ro l  measures. Nor d i d  a  d e f i n i t e  opinion 
emerge f o r  o r  aga ins t  more snow con t ro l  measures. Of a l l  t he  r e s i d e n t s  
interviewed,  the  suburban housewives were b e s t  prepared,  but  even wi th  
t h i s  group the  l e v e l  of adjustment i s  l e s s  than the  p r a c t i c a l  pos s ib l e .  
The not ion  of dec l a r ing  a  snow-fest  o r  snow-day i n  c i t i e s  where 
the  amount and r a t e  of f a l l  g r e a t l y  exceed the  removal capac i ty  may be 
an economically v i a b l e  a l t e r n a t i v e ,  'but an unpopular one among soc i e ty .  
Yet,  t o  urban man who s t e a d i l y  i nc reases  h i s  tempo i n  l i f e ,  a  spontaneous 
ho l iday  could c l e a r l y  c o n t r i b u t e  t o  h i s  mental and phys i ca l  wel l -being.  
From our  w in t e r  mai l  survey, only 11 per cen t  favored the  imple- 
mentat ion of t he  snow-day idea ,  whi le  63 per  cen t  favored an improve- 
ment i n  t h e  pub l i c  snow program, form the  purchase of more technology 
t o  t h e  r e s t r i c t i o n  of o f f - s t r e e t  parking.  The reasons f o r  t h e  unfavor- 
a b l e  response f o r  a  snow-day(s) a r e  specu la t i ve ;  however, the  p r o b a b i l i t y  
of acceptance would appear r a t h e r  low. 
One might hypothesize t h a t  t he  adoption of t he  snow-day i s  a  form of 
behavior t h a t  i s  incongruent wi th  a  pe r son ' s  b a s i c  o r  p r i m i t i v e  values .  
To a  populace where t he  underlying va lue -o r i en t a t i on  i s  t h a t  of man a s  
dominant over na tu re ,  a  snow-day po l i cy  would s i g n i f y  d e f e a t .  C lea r ly ,  
an i nc rease  i n  t he  publ ic  snow con t ro l  e f f o r t  would enhance a  man over 
na tu re  view. O r ,  and poss ib ly  commensurately, might be t he  ex i s t ence  
of an underlying value of high achievement --  aga in ,  t he  po l i cy  of  a  
snow-day could be incongruent wi th  such a  value.  
In  any event ,  before  t he  s o c i a l  engineer ing approach can be appl ied  
t o  changes i n  pub l i c  po l i cy  of t he  urban snow problem, more r e sea rch  
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APPENDIX A 
Socioeconomic C h a r a c t e r i s t i c s  of t h e  Res~orldents  
I .  Dwelling 
House Apartment No Response 
Evansv i l l e  , 46 5 3 
Nashvi l le  39 8 3 
Rockf ord 40 7 0 
Cant on 46 4 1 
Ut ica  43 8 1 
Worcester 34 14 1 
Regina 86 11 1 
Tota l  334 5 7 10  
11. Ages 
over 
10-20 20-30 30-40 40-50 50-60 60-70 70 No Response 
Evansv i l l e  6 14 7 .  8 3 11 4 1 
Nashvi l le  11 1 0  10  4 2 6 5 2 
Rockf ord 8 8 13 6 2 4 6 0 
Canton 2 4 8 14 8 11 4 0 
Ut ica  8 7 7 8 7 ' 9  6 0 
Worcester 4 9 5 5 9 11 6 0 
Regina 8 3 2 2 2 14 12 4 5 1 




$0-$5,000 $5,000-$7,500 $7,500-$10,000 $10,000-$15,000 $15,000 R. 
Evansv i l l e  2 3 . 9  10  4 3 5 
Nashvi l le  17 9 
Rockf ord 1 5  3 
Canton 1 3  10  
U t  i c a  1 3  15  
Worcester 1 3  8 
Regina 2 2 68 
To ta l  
APPENDIX A 
c o n t i n u e d  
I V .  Sex  
Male Female No Response 
E v a n s v i l l e  10 43 1 
N a s h v i l l e  10 38 2 
Rockf o r d  12 34 1 
Canton 12 3 9 0 
Utica 7 4 4 1 
Worces tes  11 37 1 
Regina 3 7 5 9 2 
T o t a l  99 294 8 
V. Marital S t a t u s  
S i n g l e  Mar r i ed  Widowed Divorced No Response 
E v a n s v i l l e  1 3  30 8 2 1 
N a s h v i l l e  1 5  31 2 0 2 
Rockf o r d  11 3 2 4 0 0 
Canton 4 4 1 5 0. 1 
U t  ica 13 3 5 4 0 0 
Worces te r  9 3 5 4 0 1 
Regina  19 7 9 4 0 0 




C l i f f o r d  Russe l  and Duane D. Baumann 
I n  t h i s  r e p o r t ,  we have a t t empted  t o  show how g e n e r a l  t e c h n i q u e s  
developed i n  s t u d y i n g  such d r a m a t i c  n a t u r a l  hazards  a s  f l o o d  and drought  
may be a p p l i e d  t o  t h e  more work-a-day problem of urban s n o w f a l l s ,  w i t h  a  
view t o  a s s i s t i n g  m m i c i p a l i t i e s  i n  coping more e f f i c i e n t l y .  To t h i s  end,  
we have s e t  o u t  a  framework f o c u s i n g  on t h e  ad jus tments  p o s s i b l e  i n  t h e  
f a c e  of a n  u n c e r t a i n  n a t u r e ;  t h e  c o s t s  of t h e s e  a d j u s t m e n t s ;  and t h e i r  . 
impact on damages a c t u a l l y  s u f f e r e d  when t h e  a n t i c i p a t e d  e v e n t s  o c c u r c  
We s t r e s s e d  t h a t  t h e  mul t id imens iona l  c h a r a c t e r  of urban s n o w f a l l s  ( f o r  
example, t h e  importance of r a t e  of f a l l ,  wind speed,  t empera tu re  and t ime 
of day) made any a p p l i c a t i o n  of t h e  ad jus tment  model p o t e n t i a l l y  a n  ex- 
t r emely  complex t a s k .  And i n  our  example we concen t ra ted  e n t i r e l y  on t h e  
r a t e  of f a l l  dimension.  We a l s o  pointed o u t  t h a t  t h e  range  of a v a i l a b l e  
ad jus tments  t o  snowfa l l  involved d e c i s i o n s  on s e v e r a l  d i f f e r e n t  t ime 
h o r i z o n s ;  from t h e  r e l a t i v e l y  long  run ,  over which t h e  s i z e  and composi t ion 
of t h e  s t o c k  of snow-f igh t ing  equipment i s  chosen; t o  t h e  v e r y  s h o r t  r u n  
i n  which m o b i l i z a t i o n s  a r e  o rdered  t o  meet t h r e a t e n e d  s to rms ,  o r  i n  which 
p r o j e c t e d  accumulat ions  a r e  used i n  d e c i d i n g  what method t o  use  i n  f i g h t i n g  
a  s to rm going on a t  t h e  moment. Our s t u d y  i s  of n e c e s s i t y  l i m i t e d  t o  
longer - run  q u e s t i o n s ,  b u t ,  a s  we p o i n t  out  below, r e s e a r c h  i n t o  t h e  s h o r t  
r u n ,  us ing  a l r e a d y  developed methods, promises s i g n i f i c a n t  r e t u r n s .  
Two b a s i c  t h r e a d s  were developed w i t h i n g  t h e  framework and l i m i t a t i o n s  
we t h u s  s e t  f o r  o u r s e l v e s .  One concerned t h e  a c t u a l  a p p l i c a t i o n  of t h e  
optimal-adjustment model to the choice of the "best" long-run choice by 
municipal governments of snow removal capacities. This application rested 
on estimates of damages due to traffic disruption caused by snowfalls, and 
on estimates of the costs of maintaining particular snow "removal" capa- 
bilities. The damages were based on a study published by the American 
Public Works Association, and the costs were pieced together from our 
interview data and information found in the public-works literature. This 
analysis was considered illustrative, and no particular interest attaches 
to the numbers derived for "optimal" removal capabilities. It does seem 
clear, however, that considerbly more valuable results could be achieved 
with a relatively modest effort aimed at defining and finding accurate 
costs for "removal capabilities" for use with existing models of traffic- 
disruption damage. Further, and probably considerably more difficult 
research might be undertaken to improve these latter models themselves. 
It would be particularly valuable if this research looked at alternative 
assumptions~about the extent to which an attempt is made to maintain 
normal traffic movement, since one of the most appealing potential ad- 
justments is the "snow-day", 'the closing of non-essential public and 
private operations. This reduces the pressure for instant snow removal 
and allows time for enjoyment of the positive aspects of urban snowfalls. 
Another potentially important research problem is the short-run 
situation in which decisions must be made on the basis of forecasts at 
the beginning and end of a specific storm. The tools for dlealing with 
this problem have been developed and applied in other weather-forecast 
situations. (Examples are cited in the text.) But their application 
would i n v o l v e  c o n s i d e r a b l e  d i f f i c u l t y  because a lmost  no th ing  i s  known 
about  e i t h e r  t h e  c o s t s  and b e n e f i t s  involved o r  t h e  r e l e v a n t  p r o b a b i l i t y  
d i s t r i b u t i o n s .  Thus, i t  i s  n e c e s s a r y  t o  know t h e  p r o b a b i l i s t i c  r e l a t i o n  
between f o r e c a s t  and a c t u a l  e v e n t ;  and a t  a  minimum t h r e e  dimensions of 
t h e  i n d i v i d u a l  s torm a r e  of i n t e r e s t :  o n s e t ,  r a t e  of f a l l ,  and l e n g t h  
of storm. (We o r i g i n a l l y  in tended  t o  do such a  s t u d y  i n  a t  l e a s t  one 
o r  two of our  sample c i t i e s ,  bu t  i t  became obvious t h a t  t h e  t a s k  of 
g a t h e r i n g  a  s u f f i c i e n t l y  l a r g e  number of o b s e r v a t i o n s  of f o r e c a s t  and 
a c t u a l  even t  i n  each  of t h e s e  dimensions was going t o  prove f a r  t o o  ex- 
pens ive  and time-consuming t o  f i t  w i t h i n  our  a l r e a d y  s t r a i n e d  l i m i t s . )  
The aim of such a  s t u d y  might v e r y  w e l l  be t h e  development of r u l e s  of 
thumb f o r  t h e  use  of r e s p o n s i b l e  municipal  o f f i c i a l s  i n  d e c i d i n g  what 
a c t i o n s  t o  t a k e  under what Weather Bureau f o r e c a s t s .  
The second major th read  developed i n  t h e  p r e s e n t  s t u d y  has  been 
t h e  a t t i t u d e s  toward and ad jus tments  t o  urban snowstorms on t h e  p a r t  of 
o t h e r  municipal  d e c i s i o n  u n i t s ;  i n  p a r t i c u l a r ,  r e t a i l  shops ,  i n d u s t r i a l  
e s t a b l i s h m e n t s  and p r i v a t e  i n d i v i d u a l s .  Across  a l l  t h e s e  u n i t s  we found 
a  s t r i k i n g ,  but h a r d l y  s u r p r i s i n g  tendency t o  r e l y  a lmost  e x c l u s i v e l y  on . 
t h e  p u b l i c  s e c t o r  f o r  ad jus tments .  Thus, bus inesses  r e l i e d  on municipal  
snow removal a c t i o n s  t o  a l l o w  them t o  o p e r a t e  a t  approximately  normal 
l e v e l s  on s to rm days ,  w i t h  on ly  smal l  e x p e n d i t u r e s  f o r  pa rk ing  l o t  o r  
s idewalk  c l e a r a n c e .  The thought  of c l o s i n g  down t o  t a k e  some p r e s s u r e  
o f f  t h e  c i t y  s t r e e t  system was n o t  considered.&/ Perhaps more s u r p r i s i n g  
1/ There  i s  a  v e r y  good r e a s o n  f o r  no i n d i v i d u a l  f i r m  c o n s i d e r i n g  
- 
c l o s i n g  down; i t  would assume t h a t  i t s  c o m p e t i t i o r s  would r e a p  t h e  b e n i f i t s  
of t h e  l e s s  d i s r u p t e d  t r a f f i c  by s t a y i n g  open t o  produce o r  s e l l .  Th i s  
i s  s imply a n  example of t h e  f r e e - f i d e r  problem. 
i s  t h e  e x t e n t  t o  which we found t h a t  i n d i v i d u a l s  p l a c e  a l l  t h e i r  t r u s t  
i n  p u b l i c  snow romoval and d o n ' t  b o t h e r  t o  c a r r y  s h o v e l s ,  sand,  o r  o t h e r  
emergency a i d s  i n  t h e i r  c a r s .  About t h e  on ly  t r a f f i c - r e l a t e d  adjus tment  
t h e  i n d i v i d u a l  i s  r e q u i r e d  t o  make i s  t h a t  of snow t i r e  use  i n  most 
n o r t h e r n  c i t i e s ;  and t h e  o n l y  one he v o l u n t a r i l y  a d o p t s  on a  v e r y  wide 
s c a l e  i s  t h e  c a r r y i n g  of a  windsh ie ld  i c e - s c r a p e r .  
C l e a r l y ,  t h e  cho ice  of p r i v a t e  ad jus tments  and t h e  heavy r e l i a n c e  
on p u b l i c  a c t i o n s  t o  d e a l  w i t h  urban s n o w f a l l s  must r e f l e c t  i n d i v i d u a l  
a t t i t u d e s  toward snow and snowstorms. I n  t h i s  a r e a ,  our s t u d y  found 
t h a t  i n d i v i d u a l s  tended t o  view snow more n e g a t i v e l y  and snowstorms more 
s p e c i f i c a l l y  a s  t h r e a t s  t o  t h e i r  m o b i l i t y  w i t h  a n  i n c r e a s e  i n  t h e  average  
annual  snowfa l l  a l s o  c a l l e d  f o r t h  a  l a r g e r  number of i n d i v i d u a l  a d j u s t -  
ments. Th i s  f i n d i n g  accords  w i t h  o b s e r v a t i o n s  of response  t o  f lood  
hazard r e p o r t e d  by Kates .2/ 
A s  we have emphasized, t h e  r e s u l t s  of t h i s  s t u d y  a r e  no t  s o  d i r -  
e c t l y  u s e f u l  t o  muncipal o f f i c i a l s  as we would wish.  The problems of 
d a t a  c o l l e c t i o n  and manipu la t ion  proved more d i f f i c u l t  and time-consuming 
than  a n t i c i p a t e d .  But t h e  s t u d y  does  i n d i c a t e  a  method f o r  use  i n  i n -  
forming municipal  d e c i s i o n s  concerning what i s ,  i n  t h e  n o r t h e r n  t i e r  of 
s t a t e s ,  a n  expensive  p u b l i c  s e r v i c e .  I n  p resen t  c i rcumstances  of l o c a l  
f i n a n c i a l  s t r i n g e n c y ,  i t  may w e l l  seem worthwhi le  t o  pursue t h i s  approach 
f u r t h e r .  A t  l e a s t  such  r e s e a r c h  would i n d i c a t e  t o  what e x t e n t  m u n i c i p a l i t i e s  
11 There  i s  a v e r y  good r e a s o n  f o r  no i n d i v i d u a l  f i r m  c o n s i d e r i n g  
- 
c l o s i n g  down; i t  would ass- t h a t  i t s  compet i to r s  would r e a p  t h e  b e n e f i t s  
of t h e  l e s s  d i s r u p t e d  t r a f f i c  by s t a y i n g  open t o  produce o r  s e l l .  Th i s  i s  
s imply a n  example of t h e  f r e e - r i d e r  problem. 
21 R. W. Ka tes ,  Hazard and Choice P e r c e p t i o n  i n  Flood P l a i n  Manage- 
- 
ment , Department of Geography Research Paper #78 (Chicago: U n i v e r s i t y  of 
-
Chicago, 1962). 
a r e  over- o r  under-adjusted,  given t h e i r  i n t e n t i o n  of fol lowing t h e  t r a -  
d i t i o n a l  path of publ ic  snow removal, designed t o  a l low a normal, o r  nea r ly  
normal, flow of t r a f f i c .  More gene ra l l y ,  such a  s tudy  would go beyond our 
work on p r iva t e - sec to r  adjustments  and look a t  p o s s i b i l i t i e s  f o r  s h i f t i n g  
some of t he  burden from publ ic  t o  p r i v a t e  hands by, f o r  example, t h e  more 
l i b e r a l  a p p l i c a t i o n  of t he  "snow-day." For such an  expended e f f o r t ,  t h i s  
s t u d y  can se rve  a s  a  guide t o  empir ica l  and conceptual problems. 

